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Commissioner of Patents and Trademarks 
Washington, D.C. 20231 




Your Applicant, The John Hopkins University, represents that it is the Assignee of the 
entire interest in and to Letter of Patent of the United States No. 4,965,204 (the “204 Patent”) 
granted to Curt I. Civin, on the 23rd of October 1990 for Human Stem Cells and Monoclonal 
Antibodies. Your Applicant, acting through the undersigned attorney, hereby proffers this 
Application For Extension Of Patent Term under 35 U.S.C. § 156 by submitting the following 
information required by 37 C.F.R. 1.740. For the convenience of the Patent and Trademark 
Office, the information contained in this application will be presented in a format which will 
follow the requirements of 37 C.F.R. § 1.740. An original of the Power of Attorney is attached 
hereto as “Exhibit A”. 
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Identification of Approved Product. 37 C.F.R. § 1.740(a)(1). 

by the FDA was and is a combination product under the Safe 



ce Amendments of 1990 (21 U.S.C. § 353 (g)(1)). As such, the product reviewed 
by the FDA includes the medical device (as defined at 21 U.S.C. § 321(h)) identified as the Isolex 
300 and Isolex 300i Magnetic Cell Selection Systems (the “Isolex Systems”) and the human 
biological component (as defined at 42 U.S.C. § 262(a)) identified as a suspension of human cells 
comprising pluripotent lympho-hematopoietic stem cells substantially free of mature lymphoid and 
myeloid cells, also referred to herein as a purified Peripheral Blood Progenitor Cells (PBPC) 
solution, which is the biological component of the cell solution generated by the Isolex Systems. 
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As will become evident upon consideration of Section 9 of this application, the U.S. 
Patent for which a term extension is being sought claims an essential component of the Isolex 
Systems. This essential component is the anti-CD34 mouse monoclonal antibody (anti-My-10) 
which is necessary for the safe and effective operation of the approved Isolex Systems. 
Consequently, for purposes of the present application only, the Applicant elects to designate the 
anti-CD34 mouse monoclonal antibody (“anti-My-10”) as the Approved Product. 

Reasoning and support for the Applicant’s position is set forth in the Memorandum 
attached to this application as Exhibit B. This memorandum also provides reasoning and support 
for other assertions set forth in this application as set forth below. 

2. Federal Statute and Applicable Provision Under Which Regulatory Review 
Occurred. 37 C.F.R § 1.740(a)(2). 

The IDE was submitted pursuant to Section 520(g) of the Federal Food, Drug, and 
Cosmetic Act (21 U.S.C. § 360j(g)). The PMA was approved under Section 515 of the Federal 
Food, Drug, and Cosmetic Act (21 U.S.C. § 360(e)). 

3. Date Permission Received for Commercial Marketing and Use. 37 C.F.R 
§ 1.740(a)(3). 

The Marketing Applicant 1 first received permission for commercial marketing of the 
Approved Product on July 2, 1999. 


1 The Applicant, Johns Hopkins University, exclusively licensed the ‘204 Patent to Becton Dickinson and 
Company (“BD”), which, in turn, exclusively licensed the ‘204 Patent to Baxter Healthcare Corp. (“Baxter”) 
in the field of use relevant to FDA approval. Baxter’s Immunotherapy Division was responsible for the 
original FDA submission in September of 1993 and, hence, was the original Marketing Applicant. In 1997, 
however, Baxter’s Immunotherapy Division was divested into a new entity named Nexell Therapeutics Inc. 
(“Nexell”). In that divestiture, Nexell acquired an exclusive sublicense from Baxter under the ‘204 Patent as 
well as Baxter’s open IDE at the FDA. Hence, the current Marketing Applicant for the purposes of this 
application is Nexell. 
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4. Identification of Active Ingredient. 37 C.F.R. § 1.740(a)(4). 

The active ingredient in the Approved Product is the monoclonal antibody produced by 
the hybridoma deposited under ATCC Accession No. HB-8483. This active ingredient has never 
been approved for commercial marketing or use under the Federal Food, Drug, and Cosmetic 
Act, the Public Health Service Act, or the Virus-Serum-Toxin Act. 

5. Statement that the Application Is Being Submitted within the 60-day Period 
Permitted for Submission and the Last Day on which the Application Can Be 
Submitted. 37 C.F.R. § 1.740(a)(5). 

This application for patent term extension is being submitted pursuant to 37 C.F.R. 
§ 1.720(f) within sixty (60) days of the date July 2, 1999. The last day on which this application 
could be submitted is August 31, 1999. 

6. Identification of Patent for which Extension Is Being Sought. 37 C.F.R. 
§ 1.740(a)(6). 

Patent Number: 4,965,204 

Name of Inventor: Curtis I. Civin 

Issue Date: October 23, 1990 

Expiration Date: October 23, 2007 

7. Copy of Patent. 37 C.F.R. § 1.740(a)(7). 

A copy of the patent identified in paragraph 6 hereof is attached as “Exhibit C .” 

8. Copies of Disclaimers, Certificates of Correction, Receipt of Maintenance Fees 
Payments and Re-examination Certificates. 37 C.F.R. § 1.740(a)(8). 

No disclaimers have been made, nor have any certificates of correction been issued with 
respect to U.S. Patent 5,130,144. The maintenance fees under 37 C.F.R. § 1.20 (e) have been 
paid. A copy of a Certificate of Re-examination for United States Patent 4,965,204 is enclosed as 
Exhibit “D.” 
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9. Statement that Patent Claims the Approved Product or Method of Using the 
Approved Product and Demonstration that Applicable Patent Claims Read on the 
Approved Product. 37 C.F.R. § 1.740(a)(9). 

United States Patent Number 4,965,204 claims a monoclonal antibody that recognizes a 
stage-specific molecule (antigen) on immature human blood cells referred to as cluster of 
differentiation (CD) 34. The CD34 antigen is found on the most important of human peripheral 
blood progenitor cells (PBPCs) including colony forming cells for granulocytes and monocytes 
(CFC-GM), colony-forming cells for erythrocytes (BFU-E), colony-forming cells for eosinophils 
(CFC-Eo), multipotent colony-forming cells (CFC-GEMM), and other immature lymphoid 
precursor cells. 2 The monoclonal antibody claimed in the ‘204 patent is designated as the 
Approved Product for the purposes of this application since it is an essential component of the 
FDA-approved Isolex Systems. Moreover, the anti-CD34 monoclonal antibody used in the Isolex 
Systems, was developed in accordance with the teachings of the ‘204 patent and deposited with 
the American Type Culture Collection (ATCC) under the accession number HB-8483. 

The claims of the ‘204 patent read directly on the Approved Product, as follows: 

1. A monoclonal antibody which specifically binds to an antigen on non-malignant, 
immature human marrow cells, wherein said antigen is stage specific and not 
lineage dependent, and said antigen is also specifically bound by the antibody 
produced by the hybridoma deposited under ATCC Accession No. HB-8483: 

(a) which antigen is present on non-malignant, human blood or bone marrow: 

(i) colony forming cells for granulocytes and monocytes (CFC-GM), 

(ii) colony-forming cells for erythrocytes (BFU-E), 

(iii) colony-forming cells for eosinophils (CFC-Eo), 

(iv) multipotent colony-forming cells (CFC-GEMM), and 

(v) immature lymphoid precursor cells; 

(b) which antigen is present on a maximum of about 5% non-malignant, human 

marrow cells and a maximum of about 1% non-malignant, human 

peripheral blood cells; and 


2 


See A. Neil Barclay et al., The Leucocyte Antigen Fact Book. (2d ed. 1997). Academic Press. 
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(c) which antigen is not present on non-malignant, mature human myeloid and 
lymphoid cells. 

2. The monoclonal antibody of claim 1 that corresponds to the monoclonal antibody 
produced by the hybridoma deposited under ATCC Accession No. HB-8483. 

3. The monoclonal antibody of claim 1 that is the antibody produced by the 
hybridoma deposited under ATCC Accession No. HB-8483. 

The FDA-approved labeling for the Isolex Systems describes “Anti-CD34 Monoclonal 
Antibody” as “an anti-human CD34 murine IgG monoclonal antibody.” This monoclonal 
antibody binds to immature human peripheral blood cells which contain the CD34 antigen but not 
to non-target cells, such as mature myeloid and lymphoid cells, and is produced by the hybridoma 
deposited under ATCC Accession No. HB-8483. As explained in more detail in Exhibit B, the 
use of this monoclonal antibody is essential to the functioning of the device. 

In the “Indications and Usage” section of the FDA-approved labeling, the Isolex Systems 
are “indicated for processing autologous peripheral blood progenitor cell (PBPC) products to 
obtain a CD34+ cell enriched population intended for hematopoietic reconstitution after 
myeloablative therapy in patients with CD34-negative tumors.” The Isolex Systems achieve this 
result through the use of several components listed in the “Description” section of the FDA- 
approved labeling, including a “vial of Anti-CD34 Monoclonal Antibody.” As described in the 
“Principles of Operation” section of the labeling, “the anti-CD34 monoclonal antibody (the 
primary antibody) is mixed with cells in suspension to permit binding to CD34+ cells.” The 
CD34+ cells may then be separated from the non-target cells. Thus, claims 1-3 of the ‘204 patent 
read on the Approved Product. 



Application For Extension Of Patent Term Under 35 U.S.C. § 156 
U.S. Patent Number 4,965,204 
Page 6 


10. Relevant Dates During Regulatory Review. 3 37 C.F.R. § 1.740(a)(10). 

Relevant dates and information pursuant to 35 U.S.C. § 156 (g) to enable the Secretary of 
Health and Human Services to determine the applicable regulatory review period are set forth 
below. 

On October 27, 1993 an exemption was granted to initiate clinical trials of autologous 
stem cell concentrates for hematopoietic recovery (FDA file number BB-IDE 5272). On February 
24, 1997 a Pre-market Approval (PMA) Application was filed on the Isolex 300 Magnetic Cell 
Separation System (FDA File Number (BP970001). 

By a letter dated July 2, 1999, the FDA notified the Marketing Applicant that the PMA 
(BP 97-0001, BP 97-0001/01) was approved under § 515 (d) of the Federal Food, Drug and 
Cosmetic Act (21 U.S.C. § 360(e)). This letter is attached as “Exhibit E.” 


3 For purposes of calculating the patent term extension to which an Applicant may be entitled when seeking an 
extension to a patent that claims a biological product, the pertinent PTO regulations require the applicant to 
provide dates related to the submissions of the Investigational New Drug (IND) application, the New Drug 
Application (NDA) or the Product License Application (PLA) and approvals therefor. 35 U.S.C. 
§ 156(g)(1)(B); 37 C.F.R. § 1.740(a)(10)(i). Obviously, the dates involved in the present application, however, 
are related to an IDE and a PMA since this is the regulatoiy pathway dictated by the FDA regulations for this 
combination product. See Exhibit B, Section III. As a result, there appears to exist a minor discrepancy in the 
Code as it applies to term extensions for patents that claim components of a combination product and FDA 
review of combination products. Obviously, this discrepancy arises simply as a result of the Code’s attempt to 
use terminology that is consistent with the normal applicable regulatory pathway for such items. As such, it is 
clear that in the context of the present application, the term extension for the ‘204 Patent should be calculated 
based on the dates otherwise used for a patent directed to a medical device. 



Application For Extension Of Patent Term Under 35 U.S.C. § 156 
U.S. Patent Number 4,965,204 
Page 7 


11. A Brief Description of the Significant Actives Undertaken by the Marketing 
Applicant During the Regulatory Review Period. 37 C.F.R. § 1.740(a)(ll). 

The following chronology of significant communications briefly describes the activities of 
the Marketing Applicant before the regulatory agency (FDA). Additional significant 
communications of substance that were conducted between the Marketing Applicant and the FDA 
relating to the approval of the Approved Product have been included as “Exhibit F.” 


1 . 

September 24, 1993: 

Marketing Applicant submits original IDE application (IDE 

5272) 

2. 

October 28, 1993: 

Marketing Applicant receives verbal approval of IDE. 

3. 

March 25, 1994: 

First patient receives selected stem cell population. 

Clinical studies on humans began under approved IDE 

protocol. 

4. 

February 24, 1995: 

Marketing Applicant submits annual report to FDA. 

5. 

October 5, 1995: 

Marketing Applicant sent letter to CBER requesting 

meeting to discuss Phase III clinical trials for IDE 5272. 

s 

6. 

December 29, 1995: 

Marketing Applicant submits amendment to phase-in Isolex 

300i. 

7. 

March 12, 1996: 

Marketing Applicant submits protocol change to use Isolex 

300i. 

8. 

April 9, 1996: 

Marketing Applicant submits IDE 5272 Annual Report. 

9. 

August 20, 1997: 

Marketing Applicant submits IDE 5272 Annual Report. 

10. 

February 21, 1997: 

Marketing Applicant files original PMA Application. 

11. 

March 21, 1997: 

Marketing Applicant submits clinical data. 

12. 

June 30, 1997: 

Marketing Applicant response to FDA’s 6/18/97 clinical 

questions. 

13. 

July 30, 1997: 

Marketing Applicant responds to FDA’s 6/27/97 questions. 

14. 

January 16, 1998: 

Marketing Applicant notified FDA of ownership change 

from Baxter to BIT. 
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15. February 2, 1998: 

16. March 9, 1998: 

17. April 13, 1998: 

18. June 4, 1998: 

19. August 27, 1998: 

20. January 27, 1999: 

21. June 18, 1999: 

22. June 22, 1999: 

23. July 2, 1999: 


Marketing Applicant submits supplement to PMA for the 
Isolex 300i system. 

Marketing Applicant notified FDA of company name 
change from BIT to Nexell Therapeutics, Inc. 

Day 100 meeting. 

Marketing Applicant confirmation of CBER’s intent for the 
May 22, 1998 180 day extension for review. 

Response to FDA 7/2/98 letter and notification of changes 
to the anti-CD34 mab appearance specification. 

Submission of revised package insert. 

Written commitment to post-marketing studies. 

Written commitment for post-marketing studies and for the 
GMP inspection issues. 

Marketing Applicant received US FDA Pre-market 
Application Approval to market its Isolex 300 Magnetic 
Cell Separation System and the Isolex 300i Magnetic Cell 
Separation System. 
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12 (A) Statement that in the Opinion of the Applicant the Patent Is Eligible for the 
Extension. 37 C.F.R. § 1.740(a)(12). 

Applicant is of the opinion that U.S. Patent No. 4,965,204 is eligible for extension under 
35 U.S.C § 156 because it satisfies all of the requirements for such extension as follows: 

(a) 35 U.S.C. § 156 (a) 

U.S. Patent No. 4,965,204 claims the Approved Product. In this connection, see 
Exhibit B. 

(b) 35 U.S.C. § 156(a)(1) 

The term of U.S. Patent 4,965,204 has not expired before submission of this 
application. 

(c) 35 U.S.C. § 156(a)(2) 

The term of U.S. Patent No. 4,965,204 has never been extended under this 
provision of law. 

(d) 35 U.S.C. § 156 (a)(3) 

The application for extension is submitted by the owner of record in accordance 
with the requirement of 35 U.S.C. § 156 (d) and Rules of the U.S. Patent and 
Trademark Office. 

(e) 35 U.S.C. § 156 (a)(4) 

The Approved Product has been subject to a regulatory review period before its 
commercial marketing or use. In this connection, see Exhibit B, Section III. 

(f) 35 U.S.C § 156(a)(5)(A) 

The commercial marketing or use of the Approved Product after the regulatory 
review process is the first permitted commercial marketing or use of the Approved 
Product under the provision of the Federal Food, Drug and Cosmetic Act 
(21 U.S.C. § 301) under which such regulatory review period occurred. 

(g) 35 U.S.C. §156 (c)(4) 

No other patent has been extended for the same regulatory review period for the 
approved product. 
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12 (B) Length of Extension for U.S. Patent No. 4,965,204. 37 C.F.R. § 1.740(a)(12). 

The length of the patent term extension of U.S. Patent 4,965,204 claimed by the Applicant 
is 1466 days. The length of the extension was calculated pursuant to 37 C.F.R. 1.777 as follows: 

(a) The regulatory review period under 35 U.S.C. § 156 (g)(3)(B) began on October 
27, 1993 and ended with the approval on July 2, 1999 which is a total of 2,074 
days which is the sum of (i) and (ii) below. 

(i) The period beginning on the date a clinical investigation on humans was 
begun (October 27, 1993) and ending on the date an application was 
initially submitted under § 515 (February 24, 1997). A total of 1,216 days. 

(ii) The period beginning on the date an application was initially submitted 
under § 515 (February 24, 1997) and ending on the date such application 
was approved under the Act (July 2, 1999). A total of 858 days. 

(b) The regulatory review period upon which the period of extension is calculated is 
the entire regulatory review period as determined in subparagraph 12 (B) (a), 
above, (2,074 days) less: 

(i) The number of days in the regulatory review period which were on or 
before the date on which the present patent issued (December 22, 1987) 
which is 0 days, and 

(ii) The number of days the Applicant did not act with diligence which is 0 
days, and 

(iii) One-half of 12 (B) (a) (i) (1,216 days) as required by 35 U.S.C. § 156 

(c)(2) which is 608days; 

(iv) The total of 12 (B) (a) (i) less 12 (B) (b) (i-iii) is: 2,074-0-0-608 = 1466 days. 

(c) The number of days as determined in sub-paragraph 12 (B) (b) (iv) (1466 days) 
when added to the term of the patent (October 23, 2007), as determined by 35 
U.S.C. § 154 (c) ) would result in a date of October 28, 2011 which is 12 years 
and 113 days from the date of regulatory approval (July 2, 1999). 

(d) Since the total remaining term of the patent after the addition of 1466 days to the 
original patent term is less than 14 years from the date of regulatory approval, and 
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the total extension term is less than 5 years, the expiration date of U.S. Patent No. 
4,965,204 shall be October 28, 2011. . 

13. Applicant’s Duty to Disclose. 37 C.F.R § 1.740(a)(13). 

The Applicant acknowledges a duty to disclose to the Commissioner of Patents and 
Trademarks and the Secretary of Health and Human Services any information which is material to 
the determination of entitlement to the extension sought. In this connection, the Commissioner is 
directed to Exhibit B. 

14. Fee. 37 C.F.R § 1.740(a)(14). 

The prescribed fee for receiving and acting upon this application is to be included herein. 
Please charge any additional fees or underpayments, or credit any overpayment to Deposit 
Account 16-2230. 


15. Official Correspondent. 37 C.F.R § 1.740(a)(15). 

Mr. James W. Inskeep, Esq. 

Oppenheimer, Wolff and Donnelly, LLP 
500 Newport Center Drive 
Suite 700 

Newport Beach, CA 92660-7007 

(949) 823-6000 

(949) 823-6031 (Direct Dial) 

(949) 823-6040 (facsimile) 


16. Copies of the Application. 37 C.F.R § 1.740(a)(16). 

The instant Application for Extension of the Patent Term of U.S. Patent No. 4,965,204 is 
being submitted as one original and duplicate copies thereof. 


17. Declaration. 37 C.F.R § 1.740(a)(17). 

The requisite declaration pursuant to 37 C.F.R § 1.740 (b) is attached. 
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CERTIFICATION 

The undersigned hereby certifies that this application for extension of patent term under 
35 U.S.C. § 156 including its attachments and supporting papers is being submitted as one 
original and duplicate copies thereof. 


shin 


Oppenheimer Wolff & Donnelly, LLP 
2029 Century Park East, Suite 3800 
Los Angeles, CA 90067-3024 
Telephone: (949) 823-6000 
Facsimile: (949)823-6040 
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Exhibit B 



IN THE UNITED STATES PATENT AND TRADBJfflMtK OFFICE 


Inventor: 

Patent No.: 

Issue Date: 

Patent Title: 
Applicant/Assignee: 


Curt I. Civin 
4,965,204 
October 23, 1990 

HUMAN STEM CELLS AND MONOCLONAL ANTIBODIES 
The John Hopkins University, Baltimore, Maryland 


Commissioner of Patents and Trademarks 
Washington, DC 20231 


Memorandum In Support Of Patent Term Extension Application 


I. INTRODUCTION 

In the context of the present patent term extension application for U.S. Patent No. 
4,965,204 (the ‘204 Patent), it has become apparent to the Applicant that elaboration of 
assertions in the application would likely be useful to the Commissioner as it reviews the 
application for compliance with the statutory requirements under 35 U.S.C. Section 156. In 
particular, it seems that elaboration would be useful on those points related to 35 U.S.C. Section 
156(a)(4) as it pertains to whether “the product has been subject to a regulatory review period 
before its commercial marketing or use.” 

In this connection, the central point is the Applicant’s designation of the “Approved 
Product” as being the anti-CD34 mouse monoclonal antibody 1 (anti-My-10), in its role as an 
essential component to the safety and efficacy of the medical device component of the approved 
combination product, the Isolex 300 and Isolex 300i (the “Isolex Systems”). The need to make 
such a designation results from the fact that the product reviewed by the FDA is a combination 
product and thus, by definition, has at least two different components that qualify as independent 
“Approved Products” under the applicable FDA definitions. In this case, one of the approved 
products was the Isolex Systems and a second was the purified Peripheral Blood Progenitor Cell 


A monoclonal antibody is an antibody derived from a single antibody producing cell (6-lymphocyte) and 
hence is veiy specific for a single antigen sub-unit, or epitope. An antigen is any substance that will induce an 
immune response. 
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Exhibit B 
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(PBPC) solution that results from use of the Isolex Systems. Since the Isolex Systems were one 
of the components of the approved combination product, it is understood that there was 
corresponding approval of all essential components that are used with that device. Hence, it is 
asserted that one of those essential products was and is the anti-CD34 mouse monoclonal 
antibody. This assertion is discussed in greater detail in Section III below. 

In order to provide a foundation useful for fully appreciating the content of this 
memorandum, the Applicant has provided a concise discussion that seeks to provide a general 
introduction to the pertinent therapeutic issues involved with the technology disclosed and 
claimed in the. ‘204 Patent. This foundational discussion is set forth immediately below in Section 

n. 

n. CANCER THERAPY AND THE ‘204 PATENT 

Most normal cells of the body are in a quiescent state and only divide, if at all, when it is 
necessary to replace cells that have been injured, or have reached the end of their natural life 
cycle. Cancer results when these normally quiescent cells inexplicably start dividing in an 
unregulated manner. In severe forms of cancer, these unregulated cancer cells spread throughout 
the body via the blood and/or lymphatic systems resulting in an often-fatal form of the disease, 
referred to as metastatic cancer. In advanced cases of metastatic cancer, disseminated tumors can 
be found in virtually any organ of the body including the lungs, liver, brain and bone marrow. 
Therefore, treatment requires an aggressive, whole body approach using high dose chemotherapy 
and/or radiation. These aggressive treatments target, and effectively kill, rapidly dividing cancer 
cells without significant injury to the normal quiescent healthy cells that make up the majority of 
the body. However, any non-cancerous cells that are dividing at the time the radiation or 
chemotherapeutic agent is administered will be killed along with the cancerous cells. 

The cells that divide and differentiate into mature blood cells are examples of normal cells 
that are adversely affected by high dose chemotherapy and radiation. Mature human blood cells 
have a relatively short life span and must be replaced frequently. Blood cell replenishment is 
accomplished through a process called hematopoiesis whereby blood cell precursors 
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(hematopoietic progenitor cells) found in the blood, bone marrow, liver and spleen constantly 
divide in order to replenish the mature cells of the blood. Consequently, when aggressive cancer 
therapy is used to treat metastatic cancer, these hematopoietic progenitor cells are killed along 
with the cancer significantly reducing the body’s capacity to offset mature blood cell attrition. 

Human blood is composed of essentially three mature cell types: red cells (erythrocytes), 
platelets (thrombocytes) and white cells (leukocytes). Erythrocytes carry oxygen to the various 
tissues of the body, thrombocytes are essential for blood clotting and leukocytes makeup the 
immune cells that fight disease. The leukocytes can be further divided into five mature cell types, 
lymphocytes (T-lymphocytes and B-lymphocytes), neutrophils, basophils, eosinophils and 
monocytes. 

T-lymphocytes participate in the cellular immune system, which is responsible for 
identifying foreign materials and initiating the processes that lead to their destruction. B- 
lymphocytes are part of the humoral immune system and produce antibodies that protect the body 
from recurring infections. The neutrophil, eosinophils, basophils and monocytes engulf and 
destroy bacteria and other foreign invaders. Eosinophils and basophils also participate in allergic 
reactions and basophils are the body’s primary repository of histamine. 

Mature blood cells do not divide and are therefore not affected by aggressive cancer 
treatments. However, the hematopoietic progenitor cells that are responsible for their 
replenishment do divide and are therefore easily killed by chemotherapy and radiation. When this 
occurs, the cancer patient’s mature leukocytes are rapidly diminished resulting in a compromised 
immune system. Consequently, many cancer patients treated with high dose chemotherapy and/or 
radiation develop fatal infections and die before their beleaguered immune systems can rebound 
from the cancer treatment. 

The most successful approach to restoring a cancer patient’s immune system in time to 
prevent fatal infections is the post treatment transplantation of healthy hematopoietic progenitor 
cells. This process provides the patient with fresh, viable progenitor cells that restore the immune 
system before infections can occur. Bone marrow is the richest sources of hematopoietic 
progenitor cells in the human body. However, the collection of bone marrow is a painful 
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procedure that few people are willing to endure and cancer patients who do donate their own 
bone marrow are forced to suffer yet another painful and debilitating procedure. Consequently, 
researchers developed a process for enriching the hematopoietic progenitor cell population in 
peripheral blood in order to address these negative aspects of bone marrow transplantation. 2 

In this process a donor is first administered a substance called a cytokine that stimulates 
the migration of progenitor cells from the bone marrow into the peripheral blood (a process called 
mobilization). After the donor (who is usually also the cancer patient) receives the cytokine 
injection his blood is monitored for the presence of hematopoietic progenitor cells using advanced 
laboratory techniques. When maximum hematopoietic progenitor cell levels are reached, the 
progenitor cell rich blood is then collected. Hematopoietic progenitor cells collected from the 
peripheral blood in this manner are called Peripheral Blood Progenitor Cells (PBPC’s) to 
differentiate them from hematopoietic progenitor cells collected from bone marrow. The PBPC’s 
are then re-administered to the patient after chemotherapy so that the patient is readily capable of 
reconstituting the depleted hematopoietic system. 

Hematopoietic progenitor cell transplants are not without risk. Patients who receive bone 
marrow transplants from donor individuals (an allogenic transplant) receive the mature T- 
lymphocytes from the donor along with the hematopoietic progenitor cells. These foreign T- 
lymphocytes immediately begin attacking the transplant recipient’s body resulting in graft verses 
host disease (GVHD), often with a fatal outcome. 

Transplanting the cancer patient with native hematopoietic progenitor cells (an autologous 
transplant) is one technique devised to overcome GVHD. However, because autologous 
transplants require the collection of PBPCs from a cancer patient, there is always the risk that 
cancer cells may have spread into the peripheral blood. If this has occurred, unpurified, or 
inadequately purified, hematopoietic progenitor cell preparations may be contaminated with 
cancer cells that will be reintroduced into the patient potentially leading to a resurgence of cancer. 


2 


Peripheral blood is the blood that flows through the vasculature of organs and tissues and can be collected 
using a painless procedure analogous to donating blood. 
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Therefore, regardless of whether allogenic or autologous sources of hematopoietic 
progenitor cells are used, there are significant risks associated with these cell transplant materials 
unless there is a high level of certainty that the transplant materials are pure. As a result, purified 
solutions of allogenic transplant material depleted in mature T-lymphocytes and an autologous 
transplant material free of cancer cells, along with methods of formulating such solutions, are of 
tremendous therapeutic value. The ‘204 patent discloses a method for making an anti-CD34 
monoclonal antibody and the use of this monoclonal in preparing a suspension of human 
pluripotent lympho-hematopoietic stem cells substantially free of mature lymphoid and myeloid 
cells (blood progenitor cells) as well as methods of achieving it. These blood progenitor cells can 
be distinguished from mature blood cells and many cancer cells by the presence of specific cell 
markers on their surfaces. The most important of these markers, and the marker used to identify 
the cells suspensions of the ‘204 patent, is designated cluster of differentiation (CD) 34 (also 
known as My-10). 

Prior to the discoveries disclosed in the ‘204 patent, there were no known procedures for 
selectively purifying human blood progenitor cells from either bone marrow or peripheral blood in 
a fashion suitable for preparing substantially pure hematopoietic progenitor cell transplants. With 
the discovery of the CD34 antigen and the associated anti-My-10 monoclonal disclosed in the 
‘204 patent, a new era dawned in the treatment of cancer patients. For the first time, patients 
with severe forms of cancer had an option to the frequently unsuccessful bone marrow transplants 
used in an attempt to restore their immune systems. 

When the monoclonal antibody disclosed in the ‘204 patent 3 is used in accordance with the 
teachings of the ‘204 patent, a cell suspension greatly enriched in blood progenitor cells and 
depleted in non-CD34 positive cells and cancer cells results. The ‘204 patent discloses various 
methods for using the anti-My-10 monoclonal for the preparation of blood progenitor cells. For 
example, the anti-My-10 monoclonal can be chemically linked to a solid support such as a latex or 


The monoclonal antibody disclosed in the ‘994 patent is designated anti-My-10 (CD34) and was derived from 
the HB-8483 hybridoma. A hybridoma is a cell line derived from a single B-lymphocyte that has been fused 
with another cell creating a stable monoclonal producing cell line. HB-8483 is an American Type Culture 
Collection (ATCC) assigned designation and is used to catalogue the cell line. The ATCC is a cell line 
repository located in Rockville, MD, U.S. A. 
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plastic bead. Next, bone marrow or peripheral blood containing blood progenitor cells is brought 
into contact with the solid support. The CD34 positive cells (blood progenitor cells) present in 
the blood or bone marrow bind to the solid support to which the anti-My-10 monoclonal was 
bound and are immobilized. The rest of the cells (CD34 negative cells) are not immobilized on 
the solid support and can be washed away and then discarded or reserved for other purposes. 

The blood progenitor cells which were bound by the anti-My-10 monoclonal onto the 
surface of the solid support can be released from the solid support using a number of techniques 
disclosed in the ‘204 patent. Following their release from the solid support, the blood progenitor 
cells are collected in an appropriate medium such as physiological saline 4 The suspension of 
substantially pure blood progenitor cells thus prepared in accordance with the teachings of the 
‘204 patent are ready to be administered intravenously into a patient who has undergone a 
myeloblative procedure. 5 

The ‘204 patent discloses the discovery of a previously unidentified cell marker, CD34 
(My-10) on the presence of human blood progenitor cells and methods for using this marker to 
develop an anti-My-10 monoclonal antibody. Moreover, the ‘204 patent discloses methods of 
using the anti-My-10 monoclonal thus prepared to produce a substantially pure suspension of 
blood progenitor cells isolated from either the bone marrow or peripheral blood of a donor. 
Finally, the ‘204 patent teaches how to use this substantially pure blood progenitor cell suspension 
to treat patients who have under gone aggressive cancer therapy (myeloablative procedures) 
which destroyed their bodies’ ability to fight disease. This unique combination of teachings makes 
the ‘204 patent disclosure an invaluable advance in the treatment of the most severe forms of 
cancer. 


4 

Physiological saline is a salt solution having a concentration of sodium chloride (table salt) at the same 
concentration of human body fluids. 

Myloablative procedures include high dose chemotherapy and radiation that has killed a significant number of 
hematopoietic cells. 


5 
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m. DESIGNATING THE ANTI-CD34 MOUSE MONOCLONAL ANTIBODY 

AS THE “APPROVED PRODUCT” 

Having now set out the technological and therapeutic context in which the current term 
extension application arises, we now address the designation of the anti-CD34 mouse monoclonal 
antibody as the Approved Product. In that connection, this topic seems best addressed by, first, 
looking more closely at the use of anti-CD34 mouse monoclonal antibody in the Isolex Systems 
and then, the scrutiny given the antibody by the FDA. After analyzing these two areas, a clear 
and objective understanding can be obtained on the accuracy and appropriateness of the aforesaid 
designation. 

A. The Anti-CD34 Mouse Monoclonal and the Isolex Systems. 

As set forth in the previous section, the anti-CD34 mouse monoclonal antibody is essential 
to the proper implementation of the cancer treatment disclosed in the ‘204 Patent. More 
particularly, it is a critical to obtaining the purified PBPC solution disclosed in the ‘204 Patent for 
efficacious use in the reconstitution of a cancer patient’s immune system. As such, so long as the 
Isolex System embodies a procedure disclosed in the ‘204 Patent for obtaining the purified PBPC 
solution, the importance of the anti-CD34 mouse monoclonal antibody is therefore self evident. 

In this connection, the Isolex Magnetic Cell Selection Systems are “indicated for 
processing autologous peripheral blood progenitor cell (PBPC) products to obtain a CD34+ cell 
enriched population intended for hematopoeietic reconstitution after myeloablative therapy in 
patients with CD34-negative tumors.” (See Exhibit G.) Furthermore, the Isolex System achieves 
this result through the use of several components listed in the “Description” section of the labeling 
including a “vial of Anti-CD34 Monoclonal Antibody.” As discussed previously, and as described 
in the “Principles of Operation” section of the labeling, “the anti-CD34 monoclonal antibody (the 
primary antibody) is mixed with cells in suspension to permit binding to CD34+ cells.” The 
CD34+ cells may then be separated from the non-target cells, the monoclonal released from the 
CD34+ cells, and the resulting solution administered to the patient. From this information, the 
importance of the anti-CD34 mouse monoclonal in the operation of the Isolex Systems is self 
evident. 
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B. Scrutiny Given The Anti-CD34 Mouse Monoclonal 

The documentation related to the FDA’s review of the Anti-CD34 mouse 
monoclonal is, literally, voluminous. Indeed, this monoclonal was tested under the “General 
Biological Products Standards” (21 C.F.R. Part 610) for safety (21 C.F.R. § 610.11), sterility (21 
C.F.R. § 610.12), and purity (21 C.F.R. § 610.13). See, e.g. PMA BP970001/01 Vol. 1 at 91; 
PMAVol.43. 

In this connection, the efficacy of the antibody to isolate CD34+ cells of acceptable yield, 
purity, and potency (in conjunction with the other components) was established in both preclinical 
studies (PMA Vol. 1 at 98-102; PMA Vol. 43; PMA Supp. # BP970001/01 Vol 1 at 22-24, 41- 
47) and clinical studies (see, e.g. PMA Vol. 1 at 103-180; PMA Vol. 9; PMA Supp. 

# BP970001/01 Vol 1 at 24-28, 48-59, 134-256). Furthermore, the monoclonal antibody was the 
subject of four volumes (Volumes 48-51) of the PMA, which described in detail the (1) method of 
manufacturing the antibody, (2) various biochemical tests designed to characterize the antibody, 
and the specifications and stability testing of the antibody. In sum, it is self-evident that FDA 
review and approval of the monoclonal antibody was essential to the approval of the PMA. 

IV. CONCLUSION 

In view of the foregoing, it is clear that the Isolex Systems embody the novel and valuable 
approach to obtaining and administering a purified PBPC solution to a cancer patient as set forth 
in the ‘204 Patent. Moreover, it is clear that the Isolex Systems implement this approach by 
relying on the use of the anti-CD34 mouse monoclonal antibody as also set forth in the ‘204 
Patent. Finally, the evidence above shows that the FDA gave significant review to this antibody. 
As a result, it is entirely accurate and correct that the Approved Product for this application be 
designated as the anti-CD34 mouse monoclonal antibody. 
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[57] ABSTRACT 

Monoclonal antibodies that recognize a stage-specific 
antigen on immature human marrow cells are provided. 
These antibodies are useful in methods of isolating cell 
suspensions from human blood and marrow that can be 
employed in bone marrow transplantation. Cell suspen¬ 
sions containing human pluripotent lympho-hematopoi- 
etic stem cells are also provided, as well as therapeutic 
methods employing the cell suspensions. 
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A further object of the present invention is to provide 
HUMAN STEM rETLS AND MONOCLONAL a method for preparing a cell population useful for stem 

ANTIBODIES cell that « enriched in Immature mar. 

row <*41* and substantially free of mature myeloid and 


This application is a division .of application Ser.No. 
670,740, filed Feb.6, 1984, which issued on Dec. 22, 
1987 aa U.S. Pat No. 4,714,680. 

TECHNICAL FIELD 

The present invention is directed to cell populations 
usefUl in bone marrow transplantation, as well as im¬ 
mortal cells producing monoclonal antibodies to human 
stem cells. 

BACKGROUND OF THE INVENTION 

Bone marrow transplantation is an effective therapy 
for an increasing number of diseases. Graft Versus Host 
Disease (GVHD), however, Hmita bone marrow trans¬ 
plantation to recipients with HLA-matched sibling do¬ 
nors. Even then, approximately half of the allogenic 
bone marrow transplantation recipients develop 
GVHD. Current therapy for GVHD is imperfect and 
the can be disfiguring and/or lethal. Thus; risk 

of GVHD restricts the use of bone marrow transplanta¬ 
tion to patients with otherwise fatal diseases, such as 
malignancies, severe aplastic anemia, and congenital 
immnnfvteficiMiry States I iys than 1000 bone maiTOW 
transplantations per year are currently performed in the 
United States. Many other patients have diseases that 
might be treated by marrow cell transplantation (such 
as sickle cell anemia) if GVHD were not such a serious 
risk. 

The potential benefits from expanded use of bone 
marrow transplantation have stimulated research on the 
cause and prevention of GVHD. It has been shown that 
donor T lymphocytes cause GVHD in animals. Re¬ 
moval of T lymphocytes from donor marrow inocula 
(“grafts’*) prevented the subsequent development of 
GVHD in mice, dogs and monkeys. Similar trials in 
humans with monoclonal antibodies against human T 
lymphocytes are'now in progress. Preliminary results, 
however, suggest only attenuation of GVHD, not a 
cure. Similar results have been achieved with E-rosette 
and soybean lectin depletion of T lymphocytes. An¬ 
other approach under investigation is die use of anti-T 
lymphocyte monoclonal antibodies conjugated to tox¬ 
ins, such as ridn. 

As of yet, however, GVHD has not been prevented 
or cured in bone marrow recipients. A continuing need 
exists, therefore, for new methods of combatting Graft 
Versus Host Disease. 

Donors of bone marrow are also faced with undesir¬ 
able procedures and risks. The current procedures for 
harvesting bone marrow are expensive and painful 
Furthermore, the current donation procedure is acc om¬ 
panied by the risks associated with anesthesia, analgesia, 
blood transfusion and possible infection. It would be 
desirable, therefore, to improve the current method of 
harvesting marrow from donors. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to reduce or 
eliminate GVHD associated with bone marrow trans¬ 
plantation. 

Another object of the present invention is to provide 
monoclonal antibodies that selectively bind immature 
bone marrow cells. 


5 lymphoid cells. 

Yet another object of the present invention is to pro¬ 
vide a method of collecting donations useful for stem 
cell transplantation that avoids the disadvantages of 
conventional marrow harvesting techniques. 

10 Still another object of the present invention is to 
provide a therapeutic method of transplanting stem 
cells that can extend the use of stem cell transplantation 
to the treatment of non-fatal diseases. 

These and other objects of the present invention are 
IS achieved by one or more of the following embodiments. 

In one embodiment, the present invention provides a 
monoclonal antibody that recognizes an antigen on 
human pluripotent lymphohematopoietic stem cells, but 
does not recognize an antigen on normal human mature 
20 Jymphoid and myeloid cells. 

The present invention also provides a monoclonal 
antibody to normal immature human marrow cells that 
is stage-specific and not lineage dependent, said anti¬ 
body (a) recognizing an antigen on normal, human 
25 blood or bone marrow (i) colony-forming cells for 
granulocytes/monocytes (CFC-GM), (u) colony-form¬ 
ing cells for erythrocytes (BFU-E), (iii) colony-forming 
cells for eosinophils (CFC-Eo), (iv) muttipotent colony- 
forming cells (GFC-GEMM), and (v) immature lym- 
30 phoid precursor cells; (b) recognizing an antigen on a 
maiimiim of about 5% normal human marrow cells 
and a maximum of about 1% normal human peripheral 
blood cells; and (c) not recognizing an antigen on nor¬ 
mal, mature human myeloid and lymphoid cells. 

35 TTie present invention also provides a monoclonal 
antibody that recognizes the antigen recognized by the 
antibody produced by the hybridoma deposited under 
ATCC Accession No. HB-8483. 

The present invention further provides immortal cell 
40 lines that produce the above antibodies. 

In still another embodiment, the present invention 
provides a method of producing a population of human 
cells containing pluripotent lympho-hematopoietic stem 
cells comprising: (a) providing a cell suspension from 
45 human tissue, said tissue selected from the group con¬ 
sisting.of marrow and blood; (b) contacting said cell 
suspension with a monoclonal antibody to immature 
human marrow cells that is stage-specific and not lin¬ 
eage dependent, said antibody recognizes an antigen on 
50 human pluripotent lympho-hematopoietic stem cells, 
but does not recognize an antigen on mature, human . 
myeloid and lymphoid cells; and (c) separating and 
recovering from said cell suspension the cells bound by 
said antibody. 

55 In a further embodiment, the present invention pro¬ 
vides a method of providing a population of human cells 
containing pluripotent lympho-hematopoietic stem cells ‘ 
comprising: (a) providing a cell suspension from human 
tissue, said tissue selected from the group consisting of 
60 marrow and blood; (b) contacting said cell suspension 
with a solid-phase linked monoclonal antibody to imma¬ 
ture human marrow cells that is stage-specific and not 
lineage dependent, said antibody recognizes an antigen 
on human pluripotent lympho-hematopoietic stem cells, 
65 but. does not recognize an antigen on mature human 
myeloid and lymphoid cells; and (c) separating unbound 
cells from solid-phase linked monoclonal antibody after 
said contacting; and (d) recovering bound cells from 
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said solid-phase linked monoclonal antibody after sepa¬ 
rating said unbound cells. 

Yet another embodiment of the present invention 
provides a suspension of human cells comprising plurip- 
otent lympho-hematopoietic stem cells substantially 5 
free of mature lymphoid and myeloid cells, as well as 
therapeutic employing mail a cell suspension. 

DETAILED DESCRIPTION OF THE 

INVENTION 10 

The present invention provides a significant advance 
in the art of bone marrow transplantation. An antigen 
has been discovered that is expressed on imm ature, 
normal human marrow cells, including pluripotent lym¬ 
pho-hematopoietic stem cells (stem cells). Stem cells 15 
have the ability to restore, when transplanted, the pro¬ 
duction of hematopoietic and lymphoid cells to a pa¬ 
tient who has lost such production due to, for example, 
radiation therapy. Unlike other antigens to which 
monoclonal antibodies have been developed, the anti¬ 
gen disclosed herein is not expressed by mature myeloid 
or lymphoid cells, yet appears on all colony-forming 
myeloid progenitors assayed to date. The newly discov¬ 
ered antigen is a stage-specific antigen that appears on ^ 
bone marrow cells desirable for use in a bone marrow 
transplant, yet is not expressed on the more mature 
lymphoid cells which have been implicated as the cause 
of Graft Versus Host Disease. Furthermore, it has been 
found that the newly discovered antigen is not ex- ^ 
pressed on the peripheral blood cells that would be 
unnecessary or unwanted for stem cell transplantation, 
thus permitting the isolation of stem cells from human 
blood. The present invention also provides monoclonal 
antibodies which facilitate the isolation of the desired 35 
cells and make possible improved theraputic techniques 
that significantly contribute to the understanding and 
prevention of Graft Versus Host Disease. The iso l a t ed 
stem cells can also be employed to produce panels of 
monoclonal antibodies to stem cells. 40 

The newly discovered antigen has been designated 
My-10. This antigen was identified by a monoclonal 
antibody raised against the KG-la human leukemic cell 
line. The KG-la cell Kng arose as a spontaneous tissue 
culture variant from the KG-1 myeloblastic leukemic 45 
cell line derived from a patient with non-lymphocytic 
leukemia. See Koeffler et ai, (1978) Science 200:1153; 
Koeffler etaL, (19 W) Blood 56265. Both the KG-la and 
KG-1 leukemic cell lines are available from Dr. David 
Golde, at the University of California, Los Angeles. 50 

The My-10 antigen is expressed as a cell-surface anti¬ 
gen on the KG-la and KG-1 cell lines. The antigen is 
immunopredpitated from extracts of these cell lines as a 
protein of approximately 115 kD (kflodalton) apparent 
molecular weight The My-10 antigen is also expressed 55 
on a number of fresh acute leukemia (both lymphoid 
and non-lymphoid) blast cell specimens. 

My-10 is expressed on very few normal human pe¬ 
ripheral blood cells or marrow cells. Assays detect 
My-10 antigen on a maximum of about 5% of the nor- 60 
mal human marrow cells and a maximum of about 1% 
of normal human peripheral blood cells. Various assay 
techniques have been employed to test for the presence 
of the My-10 antigen and those techniques have not 
detected any appreciable number (Le., not significantly 65 
above background) of normal, mature human myeloid 
and lymphoid cells in My-10-positive populations. In¬ 
deed, the ability to detect My-10 antigen diminishes 


rapidly as blast cells differentiate into mature myeloid 
and lymphoid cells. 

The indirect immune adherence ("panning”) tech¬ 
nique is an appropriate assay to separate the rare My- 10 - 
positive normal human bone marrow cells from the 
predominant My- 10 -negative marrow cells. Over 50% 
of die My-10-positive marrow cells found by this tech¬ 
nique are blast cells of heterogeneous morphology. 
Only rarely are progranulocytes, promonocytes arid 
more mature granulocytic or monocytic cells found in 
the My-10-positive cell fraction. Confirming results 
with even higher parity of isolated My-10-positive cells 
are achieved with imm une resetting and fluorescence- 
activated cell sorting (FACS). 

The My-10 antigen is expressed on colony-forming 
cells of all marrow or blood cells lineages tested to date. 
For example, over 90% of the colony-forming cells- 
granulocyte/monocyte (CFC-GM) are isolated in the 
My-10-positive fraction obtained by panning marrow 
cells. Like CFC-GM, the colony-forming cells for pure 
colonies of eosinophils (CFC-Eo) are My-10-positive. 
Large erythroid colony-forming progenitor cells 
(BFU-E) are also almost uniformly My-10-positive. 
Mixed multipotent colony-forming cells (CFC- 
GEMM) also express the ceil surface antigen, My-10. 
Only about half of the presumably more differentiated 
progenitors of smaller erythroid colonies (“CFU-E- 
like”) were in the My-10-positive population obtained 
by panning. Erythroid cells more mature than erythroid 
blasts are uniformly My-10-negative. These results indi¬ 
cate that the cell surface My-10 expression decreases 
sharply between the large, immature BFU-E stage and 
the latter stages of erythroid maturation. 

My-10 antigen is also found on immature lymphoid 
precursor cells. These immature lymphoid cells can be 
identified, for example, by detecting the presence of 
nuclear terminal deoxynucleotidyl transferase (TdT) as 
described by Bollum, (\919)Blood 54:1203. Approxi¬ 
mately 5-30% of My-10-positive marrow cells have 
been found to be TdT-positive in several experiments. 
Less than 1% of the My-10-negative marrow cells were 
TdT-positive. 

Thus, My-10 is a stage-specific antigen that is detect¬ 
able on normal, human marrow or blood colony-form¬ 
ing cells and immature lymphoid precursor cells, but 
not on normal, mature human lymphoid and myeloid 
cells- The antigen is not lineage dependent, but appears 
on a spectrum of lympho-hematopoietic progenitor 
cells. 

Anti-My-10 antibodies are extremely usefhl in hema¬ 
topoietic research because anti-My-10 antibodies label 
the lympho-hematopoietic progenitor cell subset more 
specifically that any previously described antibody. An 
anti-My-10 antibody recognizes an antigen on the small¬ 
est percentage of more mature marrow ceils reported 
and allows the isolation of relatively pure populations of 
immature lympho-hematopoietic cells in a single step. 
My-10-positive marrow cells recovered with anti-My- 
10 antibody can be an appropriate control normal cell 
population to compare with leukemic blast cells and to 
use in studies oh the mechanisms of action of cells, 
factors and genes which regulate hematopoietic cell 
poliferetion and differentiation. The near 100% recov¬ 
ery of most in vitro colony-forming cells in the My-10- 
positive marrow cell subpopulation indicates that My- 
10 -negative accessory cells are not necessary for the 
growth and differentiation of these progenitor cells. 
Anti-My-10 antibodies also have important therapeutic 
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application beca us e they allow the recovery of hemato* 8483 can be readily employed : to precipitate the My-10 
pnfotte gt^m matur e lymphocyte-depleted antigen. For exam ple. My-10 antigen can bc tmm u n o- 

M*n population for use in human stem cell transplants* precipitated from cell extracts of the KG* In or KG?1 
don. cell lines, or since My-10 is expressed by many other 


Anti-My-10 antibody is unique in that it recognizes an S 
antigen on the progenitor cells CFC-GM, BFU-E, 
CFC-Eo, and GFC-GEMM, but does not recognize an 
antigen on mature, human myeloid or lymphoid cells. 
Anti-My-10 antibody also precipitates a protein from an 
extract of many human leukemic cells' (e.g., KG-1 or 10 
KG-la cells), and is generally found to selectively bind 
a nwTimnm of about 5% normal, human marrow cells 
atiH a maximum of about 1% normal, human peripheral - 
blood cells. 

Monoclonal anti-stem cell antibodies can be pro- IS 
duced readily by one in the art. The general . 

methodology for making monoclonal antibodies by 
hybridomas is now well known to the art See, e.g., M. 
Schreier et aL, Hybridoma Techniques (Cold Spring 
Harbor Laboratory. 1980); Hammerling et aL, Monty 30 
clonal Antibodies and T-Cell Hybridomas (Elsevier Bio¬ 
medical Press 1981); Kennett et aL, Monoclonal Antibod- 
its (Plenum Press 1980)l Immortal, antibody-secreting 
cell lines can also be produced by techniques other than 
fusion, such as direct transformation of B-lymphocytes 25 
with oncogenic DNA or EBV. Several antigen sources 
can be used, if desired, to challenge the normal B-lym- 
phocyte population that is later converted to an immor¬ 
tal cell line. 

For example, the KG-la or KG-1 cell lines (prefera- 30 
bly the KG-la cell line) can be used as an immunogen to 
challenge the mammal (e.g., mouse, rat, hamster, etc.) 
used as a source for normal B-lymphocytes. The anti- 
gen-stimulated B-lymphocytes are then harvested and 
fused to an immortal cHI ling or transformed into an 35 
imm ortal cell line by any appropriate technique. A 
preferred hybridoma producing a monoclonal anti-My- 
10 antibody is produced by challenging a mouse with 
the KG-la cell line and fusing the recovered B-lyra- 
phocytes with an immortal mouse plasmacytoma celL 40 
Antibody-producing immo rtal cells can be screened for 
anti-stem cell antibody production by selecting clones 
that are strongly reactive with the KG-la or KG-1 
cells, but not reactive with granulocytes from a panel of 
human donors. Antibodies produced by clones which 45 
show those properties can then be screened for the/ 
additional properties of anti-stem cell antibodies. 

A mouse hybridoma producing monoclonal anti-My- 
10 antibody was deposited with the American Type 
Culture Collection (ATCC), 12301 Parklawn Drive, 50 
Rockville, Maryland 20852, on Jan. 23, 1984, and as¬ 
signed ATCC Accession No. HB-8483. The present 
invention encompasses in a preferred embodiment any 
monoclonal antibody that recognizes the My-10 anti¬ 
gen, Le^ the antigen recognized by antibody from the 35 
hybridoma ATCC HB-8483. In another preferred em¬ 
bodiment, the present invention contemplates mono¬ 
clonal antibodies that correspond to the monoclonal 
antibody produced by ATCC HB^8483, and, in a par¬ 
ticularly preferred embodiment, the ATCC HB-8483 60 
antibody. One antibody corresponds to another anti¬ 
body tf they both recognize the same or overlapping 
antigen binding sites as demonstrated by, for example, a 
binding inhibition assay. 

An alternative to the above method of producing 65 
monoclonal anti-stem cell antibodies employs the 
My-10 antigen directly as an immunogen. The mono, 
clonal antibody produced by hybridoma ATCC HB- 


acute leukemic cells, the antigen can be obtained from 
cell extracts from these sources as welL The precipi¬ 
tated antigen can be used as an immunogen in place of 
the KG-la or KG-1 cell line in the above method. By 
application of any of the above methods, one skilled in 
the art can readily produce a panel of monoclonal anti¬ 
stem cell and anti-My-10 antibodies. 

Another alternative is to use an anti-My-10 antibody 
in the production of monoclonal antibodies that recog¬ 
nize different antigens on stem cells and the immature 
marrow cells. The cells isolated from blood and mar¬ 
row with anti-My-10 antibody can be used as an immu¬ 
nogen, as described above, to produce a panel of mono¬ 
clonal antibodies against stem cells and immature mar¬ 
row ceils. The production of such anti-stem cell anti¬ 
bodies is greatly facilitated by the use of substantially 
pure populations of lympho-hematopoietic precursor 
cells provided by the anti-My-10 antibody as an immu- 
no gen. The specificities of such antibodies can be deter¬ 
mined readily through routine screening by one skilled 
in the art Thus, additional stage-specific, lineage inde¬ 
pendent antigens (and antibodies to these antigens) can 
be identified by those of skill in the art 

As indicated above, one application for monoclonal 
antibodies to stage-specific, lineage independent anti¬ 
gens on stem cells is the isolation of a highly enriched 
source of stem cells for human bone marrow transplan¬ 
tation. Such sources of stem cells can prevent or attenu¬ 
ate Graft Versus Host Disease. Anti-stem cell mono¬ 
clonal antibodies (e-g., anti- My-10 antibody) can also 
be used to isolate stem cells for autologous remfcsion, 
for example, in the treatment of antigen-negative (e.g., 
My-10-negative) leukemias or other malignancies. 

The present invention contemplates any method em¬ 
ploying monoclonal antibodies to separate stem cells 
from mature lymphocytes in the marrow or blood. Gen¬ 
erally, a cell suspension prepared from human tissue 
containing cells (Le., marrow or blood cells) is brought 
into contact with monoclonal antibody (e.g., anti-My- 
10 antibody) (i) to immature marrow cells that is stage- 
specific, and not lineage-dependent; (ii) that recognizes 
an antigen or normal human stem cells; and (iii) that 
does not recognize an antigen on normal, mature human 
myeloid and lymphoid cellsi Cells which have been 
bound by the monoclonal antibody are then separated 
from unbound cells by any means known to those 
skilled in the art 

Various methods of separating antibody-bound cells 
from unbound cells are known. For example, the anti¬ 
body bound to the cell (or an anti-isotype antibody) can 
be labeled and then the cells separated by a mechanical 
cell sorter that detects the presence of the labeL 
Fluorescence-activated cell sorters are well known in 
the art ln one preferred embodiment, the anti-stem cell 
antibody is attached to a solid support Various solid 
supports are known to those of skill in the art, including, 
but not limited to agarose beads, polystyrene beads, 
hollow fiber membranes and plastic petri dishes. Cells 
that are bound by the antibody can be removed from 
the cell suspension by simply physically separating the 
solid support from the cell suspension. Preferred proto¬ 
cols, however, will be described. 

Selective cytaphcresis can be used to produce a cell 
suspension from human bone marrow or blood contain- 



ing pluripotent lymphohematopoeitic stem cells. For 
example, marrow can be harvested tom a donor (the 
patient in the case of an autologous transplant; a donor 
In the case of an allogenic transplant) by any appropri¬ 
ate means. The marrow can be processed as de sir ed, 3 
depending mainly upon the use intended for the recov¬ 
ered cells. The suspension of marrow cells is allowed to 
physically contact for example, a solid phase-linked 
monoclonal antibody that recognizes an antigen on the 
dfri pwi ggll«- The solid phase-linking comprise, for 10 
Ingram^ adsorbing the antibodies to a plastic, nitrocel¬ 
lulose or other surface. The antibodies can.also be ad¬ 
sorbed on to the walls of the large pores (suffidetiy 
large to permit flow-through of cells) of a hollow fiber 
membrane. Alternatively, the antibodies can be cova- IS 
lently linked to a surface or bead, such as P h a rmacia 
Sepharose 6 MB macrobeads <g)i The exact conditions 
and duration of incubation for the solid phase-linked 
antibodies with the marrow cell suspension will depend 
upon several factors specific to the system employed. 20 
The selection of appropriate conditions, however, is 
well within the skill of the art. 

The unbound* cells are then eluted or washed away 
with physiologic buffer after allowing sufficient time 
for the stem cells to be bound. The unbound marrow 25 
cells can be recovered and used for other purposes or 
discarded after appropriate testing has been done to 
ensure that the desired separation had been achieved. 
The bound cells are then separated tom the solid phase 
by any appropriate method, depending mainly upon the 30 
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but substantially free of mature lymphoid and myeloid 
The cell s usp en sion also contains substantially 
only cells that express the My-10 antigen and can re¬ 
store the production of lymphoid and hematopoietic 
cells to a human patient that has lost the ability to pro¬ 
duce such cells because of, for example, radiation treat¬ 
ment By definition, a cell population that can restore 
the production of hematopoietic and lymphoid cells 
contains pluripotent lympho-hematopoietic stem cells. 

The above cell populations containing human plurip¬ 
otent .lympho-hematopoetic stem cells can be used in 
therapeutic methods such as stem cell transplantation as 
well as others that are readily apparent to those of skill 
in the art For example, such cell populations can be 
administered directly by LV. to a patient requiring a 
bone marrow transplant in an amount sufficient to re¬ 
constitute the patient's hematopoietic and immune sys¬ 
tem. Precise, effective quantities can be readily deter¬ 
mined by those skilled in the art and wifi depend, of 
course, upon the exact condition being treated by the 
therapy. In many applications, however, an amount 
containing approximately the same number of stem cells 
found in one-half to one liter of aspirated marrow 
should be adequate. 

The following examples are provided to illustrate 
specific embodiments of the present invention. The 
examples are included for illustrative purposes only and 
are not intended to limit the scope of the present inven¬ 
tion. 


nature of the solid phase and the antibody. For example, 
bound cells can be eluted tom a plastic petri dish by 
vigorous agitation. Alternatively, bound cells can be 
eluted by enzymatically “nicking** or digesting a en¬ 
zyme-sensitive “spacer** sequence between the solid 35 
phase and the antibody. Spacers bound to agarose beads 
are commercially available from, for example, Phar¬ 
macia. 

The eluted, enriched fraction of cells may then be 
washed with a buffer by centrifugation and either cryo- 40 
preserved in a viable state for later use according to 
conventional technology or immediately infused intra¬ 
venously into the transplant recipient 

In a particularly preferred embodiment stem cells 
can be recovered directly tom blood using essentially 45 
the above methodology. For example, blood can be 
withdrawn directly tom the circulatory system of a 
donor and percolated continuously through a device 
(e-g., a column) containing the solid phase-linked mono¬ 
clonal antibody to stem cells and the stem cell-depleted 50 
blood can be returned immediately to the donor's circu¬ 
latory system using, for example, a conventional hema- 
pherests machine. When a sufficient volume of blood 
has been processed to allow the desired number of stem 
cefis to bind to the column, the patient is disconnected. 55 
Such a method is extremely desirable because it allows 
rare peripheral blood stem cells to be harvested from a 
very large volume of blood, sparing the donor the ex¬ 
pense and pain of harvesting bone marrow and the 
associated risks of anesthesia, analgesia, blood transfii- 60 
sion, and infection. The duration of aplasia for the trans¬ 
plant recipient following the marrow transplant can 
also be shortened since, theoretically, unlimited num¬ 
bers of blood stem cells could be collected without 


EXAMPLE I 

Development of an Anti-My-10 Monoclonal Antibody 

The monoclonal antibody, anti-My-10, was produced 
by hybridizing SP-2 plasmacytoma cells with spleno- 
cytes tom a BALB/cJ mouse which had been repeat¬ 
edly immuniz ed with viable KG-la cells. Four to 
twelve week old BALB/cJ female mice were obtained 
tom the Jackson Laboratories (Bar Harbor, Maine), 
and utilized for development and production of mono-, 
clonal antibodies. KG-la cells were obtained tom Dr. 
D. Golde (UCLA). 

Antibody secreting hybridomas were produced by 
fusion of mouse plasmacytoma cells with splenocytes, 
using the techniques of Kohler and Mflstein, (1975) 
Nature 256:495, as modified by Fazekas de St Groth 
and Scheidegger, (1980) /. Immunol Methods 35:1. A 
BALB/cJ female mouse was hyperimmunized by intra- 
peritoneal injections (four injections over a four month 
period) of. approximately 10 million washed, viable 
KG-la cells in saline; the fourth of these injections was 
five days prior to fbsion. Three and four days prior to 
fusion, the mouse was boosted intravenously with 
KG-ia cells. Then, the mouse spleen cells were fbsed 
with non-immunoglobufin-produdng SP-2/0-AG14 
(SP-2) mouse plasmacytoma cells and cultured in HAT 
medium. Fazekas de St Groth and Scheidegger, (1980) 
/. ImmunoL Methods 35:1. Hybridomas were assayed, 
and the anti-My-10-produdng clone was selected for 
binding to KG-la cells, but not to human peripheral 
blood granulocytes. The hybridoma cells were sub¬ 
cloned at least twice. Neat spent hybridoma culture 
supemate was used as the source of antibody, under 


significant risk to the donor. 65 

The above methods of treating marrow or blood cell 
suspensions produce a suspension of human cells that 
contains pluripotent lympho-hematopoietic stem cells. 


conditions (determined in preliminary experiments) 
sufficient to saturate binding sites on KG-la cells. The 
isotypes of all hybridoma-and plasmacytoma-derived 
antibodies used were determined as previously de- 
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scribed. Civin and Banquerigo, (1983) / Immunol 
Methods 61:1. 

By two weeks, macroscopic colonies were observed 
in all 48 cultures; the culture supemates were t ested in 
indirect immunofluorescence assays on KG*la cells, as 5 
well as on granulocytes from several normal donors. 
Four of these initial culture supemates were strongly 
reactive (at least five times background) with KG-la 
cells, but did not react with granulocytes from any 
donor tested. The hybridoma culture producing the K 
anti-My-10 monoclonal antibody was cloned in soft: 
agarose. Civin and Banquerigo, (1983) /. Immunol 
Methods 61:1. And-My-10 was shown to be an IgG 1 
(Kappa) • antibody, by enzyme-linked immunosorbent 
assay, Civin and Bangerigo, (1983)/ Immunol Methods 
61:1, using isotype-spccific antibodies (Zymed Labora¬ 
tories, Burlingame, Calif.). The thrice-cloned hy¬ 
bridoma producing monoclonal anti-My-10 antibody is 
available from the American Type Culture Collection 
under ATCC Accession No. HB-8483. 

EXAMPLE H 

Expression of My-10 Antigen on Myeloid Cell Lin e s 
and Normal Human Blood and Marrow Cells 

Cell lines were obtained and cultured as previously 
described. Strauss et &L, (1983) Blood 61:1222. In addi¬ 
tion, the recently described HEL human erythroleuke- 
min cell i» nfl (Martin and Papayannopoulou, (1982) Sci- 
ence 212:1233) was generously provided by Dr. T. Pa- 
payannopoulou (Seattle, Wash.), and was cultivated 
similarly. 

Heparinized (20 units/ml) peripheral blood was ob¬ 
tained from normal laboratory volunteers, and cell 
types were separated by several techniques. Platelets, 
red blood cells and peripheral blood mononuclear cells 
(PBMC) were separated as described previously (Civin 
et al, (1981) Blood 57:842; Strauss et aL, (1983) Blood 
61:1222) over HIstopaque-1077 ® (Sigma, St. Louis, 
Mo.). Since Todd et al, (1981) /. Immunol 126:1435, 
had pointed out that monocytes may adsorb platelet 
fragments during conventional PBMC preparation as 
above, defibrinated (rather than heparinized) blood 
ftftmplea were used when monocytes were to be evalu¬ 
ated. Lymphocytes or monocytes in a mixed population 
of PBMC could be separately analyzed for flouresceuce 
by first selecting a “lymphocyte region” or “monocyte 
region,” on the basis of forward and right angle light 
scatter (Hoffman and Hansen, (1981) Ini V. Immuno- 
pharmac 3:249) using flow cytometry (Spectrum m 
cytofiuorograph; Ortho Diagnostics, Raritan, NJ.). In 
other studies, the monocytes/macrophages in PBMC 
preparations (lmillion cells/ml complete growth me¬ 
dium) were labelled by incubation (37* G, 5% C02,45 
min.) with 100 milllon/ml latex microspberes (Dow 
Diagnostics, Indianapolis, Ind.). After washing, phago¬ 
cytic mononuclear cells were identified microscopically 
(at least 3 beads/cell). 

To obtain enriched T- and B-lymphocyte popula¬ 
tions, PBMC (5 million/ml complete growth medium) 
were first depleted of monocytes and macrophages by 
incubation (37* G, 5% C02, 90 min.) in plastic petti 
dishes (Falcon, Oxnard, Calif.).* The nonadherent 
PBMC were then washed and fractionated using sheep 
erythrocyte (E)-rosette formation. Jondal et aL, (1972) 

/ Exp Med. 136:207. To isolate peripheral blood 
granulocytes, mononuclear cells were first removed by 
Histopaque-1077 200 density gradient centrifugation. 
The cells beneath the interface of the first gradient were 
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washed once, and granulocytes were then separated 
from red cells by dexttan sedimentation. Small numbers 
of residual red cells did not interfere with later analysis 
of antibody binding to leukocytes; if large numbers 
(greater than 25%) of red cells were present, they were 
lysed osmotically. Crowley et aL, (1980) New Eng. J. 
Med. 302:1163. 

Marrow was aspirated from posterior iliac crests into 
alpha medium (M. A. Bioproducts, Walkersville, Md.) 
containing preservative-free heparin (100 units/ml 
Panheprin (gfe Abbott, Chicago HL). Ex c es s ceils ob¬ 
tained from donor marrow harvested for allogeneic 
marrow transplantation, or marrow cells from normal 
volunteers were utilized. Diluted marrow samples were 
13 centrifuged over Histopaque-1077 <§). The interface 
cells were washed, suspended in complete growth me¬ 
dium, and incubated (37* G, 5% C02) in petti dis h es 
for at least 90 min. to remove plastic-adherent cells. The 
low density, plastic nonadherent marrow cells were 
20 washed at least once again prior to use. Leukemic blast 
ggiig were obtained from patient diagnostic marrow 
samples as previously described. Civin et al., (1981) 
Blood 57:842. 

The antibodies 12 (Nadler et al., (1981) Prog HematoL 
25 XU: 187-225, anti-HLA-DR), cALLa (Ritz et al., 
(1980) Nature 283:583, anti-common acute lymphoblas¬ 
tic leukemia antigen), Mo2 (Todd et aL, (1981)/. 
Immunol 126U435, monocyte-specific), T11 (Kamoun 
^ etaL, (1981)/. AfeZ 153:207; Howard etaL, (1981) 
/. Immunol 126: 2117, anti-sheep red blood cell recep¬ 
tor of T-cells), and B1 (Nadler et aL, (1981) Prog Hema¬ 
toL XU: 182-225, anti-pan B-cell) were generously pro¬ 
vided by Dr. L. Nadler (Sidney Farber Cancer Center, 
35 Boston, Mass.) and Dr. K. Kortwright (Coulter Diag¬ 
nostics, Hialeah, Fla.). The anti-leu-1 monoclonal anti¬ 
body (Engleman et al., (1981) Proc. Natl Acad. Jet USA 
78:1891) was generously provided by Dr. R. Levy, 
(Stanford, Palo Alto, Calif). The MOPC 21 IgG 1 
40 (Kappa) mouse myeloma protein, produced by 
P3 X 63.AG8 cell line (American Type Tissue Collec¬ 
tion, Rockville* Md.) and having no known specificity, 
was as a negative control antibody (culture 

superstate). The 28/43/6 .monoclonal antibody, which 
43 binds to lymphocytes from all donors tested (Strauss et 
aL, (1983) Blood 61:1222), was used as a positive control. 

Indirect immrnin flnnr e«tf»nefr assays to measure bind¬ 
ing of monoclonal antibodies to cells were performed as 
previously described. Civin et aL, (1981) Blood 57:842; 
50 Strauss et aL, (1983) Blood 61: 1222. Binding was ana¬ 
lyzed either by standard phase and fluorescence micros¬ 
copy and/or by flow microfluorometry.. 

Large quantities of cell surface My -10 antigen (indi¬ 
rect immunofluorescence assay) were detected by flow 
55 microfluorometry and other methods on KG-la cells. 
The anti-My-10-labelled KG-la cell population was 
even (slightly) more intensely fluorescent than the (pos¬ 
itive control) 28/43/6-labeiled sample (Table i). In 
contrast, when the other cell lines were labelled with 
60 anti-My-10, neither the fluorescence histograms nor the 
derived values were greatly different from the negative 
control (MOPC 21) profile. (Daudi and K-562 ceils 
were not detectably labelled with the positive control 
28/43/6 antibody. This is consistent with the thesis that 
65 this antibody detects a framework epitope of the HLA- 
A,B molecule, since HLA-A.B is not expressed on 
Daudi or K0562 ceils. Strauss et al., (1983) Blood 
61:1222). In this experiment, Daudi cells appeared 
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slightly positive for MY-10. However, in other experi¬ 
ments, all of these cell lines (except KG-la) were 
clearly negative for anti-My- 10 -binding. The same con¬ 
clusions were reached when whole viable cells were 


treated marrow were more fluorescent than the 
99*9 percentile cfH treated with MOPC 21. FACS H 
oscilloscope fluorescence vs. light scatter “dot plots’* of 
thg$g marrow at two FACS II laser voltage set- 


tested by enzyme-linked immunoassays (EIA), and 5 tings were m ad e . 


_ TABLE 1 _ 

My-10 Antigen Expression on Human leukemic Cell Lines: 
Derived Population Fluorescence* 

MOPC 21 (Neg- 28/43/6 (Pos- 

stive Control) And-My-10 itive Control) 



Mean 

Fluor- 

IWfjflCfj 

Intensity** 

Percent 

Bright 

Cells*** 

Mean 

Fluor¬ 

escence 

Intensity 

Percent 

Bright 

Cells 

Mean 

Fluor¬ 

escence 

Intensity 

Percent 

Bright 

Cells 

KG-la 

12 

Cio*] 

10.0 

92% 

9.3 

•81% 

U-937 

1J 

tio] 

1.1 

17 

17.1 

97 

Daudi 

1.0 

do] 

1.S 

22 

u 

13 

ML-1 

0J 

110) 

1.0 

15 

A0 

91 

MOLT-3 

in 

(10) 

1.9 

19 

3.0 

77 

HEL 

1.9 

cm 

3.3 

21 

112 

78 

HL-60 

2.9 

[i<4 

1.6 

2 

29.0 

86 

£-562 

3.3 

114 

13 

9 

1.9 

2 


*V«1um derived from bwtognma. 

••Hocsnlizod neu population ietearity of fao m c tn e e . Sem Donmd, (1982) Cytometry 2:192. 
•••Perceet of crib farigbter this 90tb perceadk fleoceseence with negative control (MOPC21) 
m oe o c lo n nl utibody. 


TABLE 2 


My* 10 Antigen Expression on Blood and K.G-1 Cells: 
Derived Population Fluorescence* 

MOPC 21_Anti-MY-10_ ■' 28/43/6 



Mean 

Fluor¬ 

escence 

Intensity 

Percent 

Bright 

Celia 

Mean 

Fluor¬ 

escence 

Intensity 

Percent 

Bright 

Cells 

Mean 

Fluor¬ 

escence 

Intensity 

Percent 

Bright 

Cells 

Lymphocytes 

03 

[10*1 

03 

8% 

NDA** 

ND 

Granulocytes 

1.0 

pa] 

09 

6 

ND 

ND 

Monocytes 

1.4 

[10] 

1.4 

13 

17.3 

86% 

KG-1 

08 

[10] 

10 

13 

3.4 

17 


•Value* derived from htstofrens and ce ku litc d at in T«ble 1. 
“Not done. 


when purified anti-My-10 was used rather than tissue 
culture supemate. 

Table 2 shows FACS fluorescence data of isolated 
peripheral blood granulocytes, plastic-adherent mono¬ 
cytes ( 86 % monocytes by Wright-Giemsa stain), and 
nonadherent “lymphocytes” ( 66 % lymphocytes by 
Wright-Giemsa stain) after reaction with and-My-10. 43 
No specific fluorescence was detected* In several addi¬ 
tional immunofluorescence and EIA assays, and-My-10 
did not label peripheral blood granulocytes, 
mononuclear cells (including E-rosette-posidve and 
E-rosette-negadve cells, and latex bead-labelled phago- 50 
cydc cells, analyzed individually), red cells, or platelets 
from any of 9 normal human blood donors. 

Low-density, plastic-nonadherent, marrow cells from 
normal human donors were analyzed for cell surface 
expression of My-10 antigen by indirect immunofluorcs- 53 
cence using visual microscopic detection. A sm al l , but 
definite (1.3% mean) subpopulation of marrow cell was 
fluorescent over MOPC 21 background in eight experi¬ 
ments. A small subpopulation of My- 10 -positive mar¬ 
row leukocytes was also identified by flow cytometry. 60 
KG-la cells, tested in the same experiment, are shown 
for comparison. In both the KG-la cells and the My-10- 
positive marrow cells, there is cellular heterogeneity 
with regard to My-10 antigen cell surface density, from 
near background to off-scale at these instrument set- 65 
tings. Mean fluorescence intensity of the anti-My- 10 - 
treated marrow cells was 1 . 2 , compared to 0.8 with 
MOPC 21 and 15.6 with 28/43/6.11% of anti-My-10- 


Morphologic and Cytochemical Phenotype of 
My-10-Panned Marrow Cells 

The technique of Engleman ct aL, Proc. NatL Acad 
Sci USA 78:1891, was utilized as previously described. 
Strauss et aL, (1983) Blood 61:1221 Briefly, to non-tis¬ 
sue culture-treated plastic petri dishes (Lab-Tek, Naper¬ 
ville, DL; 60 mm) was added 5 ml of sterile Tris buffer 
(0.1M, pH 91) containing 20 ug/ml affinity-purified 
goat anti-mouse IgG antibody (Kirkegaard & Perry). 
After 45 minutes (22* C), the dishes were rinsed three 
times with Hank’s balanced salt solution (HBSS), then 
once with HBSS containing 01% Bovine serum albu¬ 
min (BSA), and stored (4* C) in the latter medium. 
Immediately prior to use, dishes were washed with 
HBSS containing 01% BSA. 

Plastic-nonadherent, low density marrow leukocytes 
were adjusted to 5 million/ml in HBSS containing 0.2% 
BSA and incubated (30 min., 22* C) with an equal 
volume of spent hybridoma supemate (conditions of 
antibody excess, as determined in preliminary experi¬ 
ments). Cells were then washed twice in cold HBSS 
containing 01% BSA. Ten million cells in 2 ml of the 
same cold medium were placed in a goatanti-mouse 
Ig-coated petri dish at 4* C The dish was rocked gently 
after one hour, and after two hours, the unbound cells 
were harvested by rocking and gentle pipetting with 
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three 2 ml volumes. The bound cells were released by 3 
rinses with vigorous pipetting. 

Only, 1.7-L2% of the normal human low density, 
plastic nonadherent, bone marrow cells bound to the 
My-10 panning plates in these four experiments. Cell 5 
fractions were then cytocentrifuged and stained for 
morphology (Table 3). The small My-10-positive mar¬ 
row fraction contained many undifferentiated blast 
cells (Table 3). Small numbers of progranulocytes, more 
mature granulocytic cells, and lymphoid cells were also 10 
observed in this cell fraction. These results were con¬ 
firmed by analysis of double esterase cytochemical 
stains of the cell fractions (Table 4) which suggested the 
presence of both monoblasts (nonspecific esterase-posi¬ 
tive) and myeloblasts (NASD chloroacetate esterase- 13 
positive). 

Smeared or cytocentrifuged preparations of whole or 
separated marrow cells or colonies were stained either 
with Wright-Giemsa stain,, or. with a double-esterase 
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TABLE 4-contmued 


Cytcpiai 


j Ectcnae Content of 


Mv- IQ» Antigen-Positive vs. Negative Marrow Cells* . 

Umeot rated Mv-IO-Ncg . My.lQ.Po>. 
Exp fap Exp Exp Exp 

Marrow Cells: 3 4 3 4 3 4 


Diffusely Stained 
Focally Stained 


I 

0 

33 


6 

0 

62 


I 

7 

32 


0 

I 

S3 


3 

2 

33 


0 

0 

98 


‘Percent of 200 cells counted (toandad). Daw lor experiments 3 tad 4 en Grom the 
experiment! rtragnxtrri by the same numbers in Table J. 


EXAMPLE IV 

Anti-My-10-Immune Rosettmg Human Marrow Cells 
Previously described procedures (Goding, (1976) /. 


Immunol Methods 10:61; Parish and McKenzie, (1978) 
J. Immunol Methods 20: 173) were modified as de- 
(alpha-naphthyl acetate and naphthol AS-D chloroace- 20 scribed below. Human O-negarive red cells were puri- 


tate esterases) cytochemical stain and Mayer’s Hema¬ 
toxylin counterstain for differential counting, or with 
other cytochemical stains (Yam et aL, (1971) Am. /. 
Clin. Path. 55:283). 

TABLE 3 


23 


Differential Blood Conan* of 



My- 10-Anti gen-Positive vs. Negative Marrow Cells 



■ Unscmrated 

Mv-10-Nes. 

Mv-lQPos. 


Exp 

Exp 

Rtp 

Ftp 

Exp 

Exp 

Maxrow Cells: 

!••• 

2 

1 

2 

1 

2 

Blast cells 

2 

2 

7 

6 

74 

62 

Promyelocytes 

4 

4 

7 

3 

3 

7 

Myclo-Neutro** 

53 

54 

40 

44 

6 

2 

p,fnphilf/Prt«lnft|>hlh 

1 

0 

1 

1 

1 

l 

Monocytes 

9 

3 

4 

1 

4 

0 

Lymphocytes 

25 

27 

34 

43 

7 

26 

PUsmacytcs. 

1. 

1 

0 

0 

l 

l 

Erythroblasts 

3 

11 

6 

3 

1 

0 


Unseoamted 

My-IO-Ncr. 

Mv-tO-Pos. 


Exp 

Exp 


Exp 

Exp 

Exp 

Marrow Cells; 

3 

4 

3 

4 

3 

4 

Blast cells 

11 

10 

1 

7 

23* 

65 

Promyelocytes 

6 

24 

10 

15 

16 

14 

Myelocytes. 

4 

17 

11 

4 

4 

0 

Metamyelocyte* 

23 

2 

5 

2 

12 

0 

Band forms 

• 1 

0 

12 

0 

16 

0 

Segmented neutrophils 

•36 

1 

0 

0 

3 

0 

Basophils 

0 

2 

1 

0 

2 

0 

Eosinophils 

0 

0 

3 

0 

2 

0 

Monocytes . 

0 

3 

0 

2 

1 . 

2 

Lymphocyte* 

3 

25 

29 ‘ 

42 

22 

16 

Plasmaoytea 

0 

1 

0 

l ■ 

0 

1 

Erythroblasts: 







Ortlinr-hmHimlnpfcilh' 

7 

12 

26 

20 

0 

0 

Basophilic 

1 

3 

2 

4 

0 

0 

PftIyfthfwm«tnphiHrt 

2 

0 

0 

1 

0 

1 

Proerythroblasts 

0 

2 

1 

0 

0 

0 

*Perem of at lean 200 WrighfVttiamd cells roiirri (coondad). 



M Myriooyt*b oetamyefagtyefc band form, plus sifiuiu 

ted aotfroptab. 


•**Eip — Eipernot 








TABLE 4 




Cytoplasmic Esterase Content of 



Mv-10-Ant ieen-Positive vs. Negative Marrow Cells* 



Unseoorated 

My-IO-Ncr. 

My-10-Pos. 


Exp 

Exp 


Exp 

Exp 

Exp 

Marrow Cells: 

3 

4 

3 

4 

3 

4 

Naphthol .AS-D 

66 

34 

40 

16 

36 

2 


35 


40 


Chloroacetste. 
esterase-positive** 
Alpha naphthyl acetate 
esterase-positive 


fied from heparinized fresh whole blood by centrifuga¬ 
tion (300 Xg 30 min., 22* G) over. Mono-Poly-Resolv¬ 
ing Medium (Flow Laboratories, McLean, VA). The 
leukocyte-free, erythroid cell pellet was- washed five 
times in sterile 0.9% NaCl (4* G, 300Xg, 10 min.) and 
stored 16 hours as a 10% suspension in isotonic saline 
(4* G). Affinity-purified goat anti-mouns IgG (Kirkeg- 
aard and PerryX and protein A-sepharose column 
(Pharmacia, Piscataway, NJ) -purified (Ey et aL, (1978) 
30 Immuhochem 15:429) monoclonal antibody (anti-My- 
10 , MOPC 21, or 28/43/6) in isotonic saline were cen¬ 
trifuged (15,600Xg, 30 min., 4* G) to remove macro- 
aggregates immediately prior to use. Immune red cells 
were prepared by the drop wise addition of 0.5 ml 
0 .01% chromic chloride to a (4* G) suspension contain¬ 
ing 350 ol isotonic saline, 50 ul freshly washed packed 
red cells, and 50 ul antibody (1 mg/ml). After five min. 
(22* C), an equal volume of phosphate-buffered saline 
(PBS) containing 0.1% sodium azide was added to stop 
the reaction. The immune red cells were washed by 
centrifugation, transferred to a fresh test tube, then 
washed again and resuspended to a 10% suspension in 
PBS containing 0.1%. sodium azide and 10% fetal bo-. 
43 vine serum (FBSX AH manipulations were under aseptic 
conditions. The immune red cells were kept at 4* G, 
until use later that day. 

In the direct Immune resetting procedure, one millio n 
low density, plastic-nonadherent marrow cells in 100 ul 
50 PBS containing 0.1% sodium azide and 10% FBS were 
mixed with 50 ul immune red ceU suspension. After 
gentle centrifugation (200Xg» 5 mim, 4* GX cells were 
mixed gently, then kept at 4* G for one hour. Next, 3 ml 
of HBSS containing <L2% bovine serum albumin was 
added. Aliquots were cytocentrifbged and stained for 
morphological analysis. To the residual volume, one 
drop of 1% gentian violet was added, and wet mounts 
were prepared and counted. 

For the indirect immune resetting procedure, cells 
were first incubated with centrifriged McAb (60 min., 4* 
G), washed twice, then rosetted with goat-anti-mouse 
IgG-coated red cells as in the procedure for direct ro¬ 
settes. 

1.5-3% of nucleated marrow celhwere My-10-posi¬ 
tive by these assays. Morphologic analysis of cytocen- 
trifuged rosette preparations indicated that few mature 
cells formed rosettes and that the predominant My-10- 
positive cells were blast cells (Table 5), although not all 


55 


60 


65 
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blast cells were My-10-positive (by either panning or 
immune resetting). 

_ TABLE 5 _ 

Aoii-My-10 rmmima Marrow CelU: 

Differential Nucleated Cell Counts* 

Asti-My-lO-Rosettisg 
_Marrow Cells**_ 



Direct 

Indirect 

Whole 


Assay 

Amy 

Marrow 

Blast Cells 

48% 

63% 

10% 

Promyelocytes 

11 

8 

10 

Myelocytes 

0 

0 

13 

Metamyelocytes 

0 

1 

16 

Band forms and seg¬ 
mented neutrophils 

u 

8 

18 

Monocytes 

0 

0 

15 

Lymphocytes 

s 

1 

10 

OrthochromotophiEc 

normoblasts 

2 

2 

6 

Polychromatophlllc 

normoblasts 

0 

0 

3 

Unidentifiable*** 

20 

17 

0 


•Baaed qpoo 200 cell coeati (maded). Wkob ainaw w takes ■ the fiat 200 
onrkatfri odb ices os tka tndiroac aod-My-IO tat slide. whether rowttad or not. 

••to wet tMrasts froa tUa tsptrincaa, L5% of oatmw oalls famed direct aod-My- 
10 roMttMk sad X0% fixnd bdnet iad-My-10 rosette* Cbopariaoo ranks eatog 
MOPC 21 control rosettes wcm0% (direct tod InflrectX and using 2&/4J/6 rosettes 
wen 100% (direct and Indirect). 

•••Morphology obsc u red by roaetted erythrocyte*. 25 


EXAMPLE V 

Expression of My-10 by Human Myeloid 
Colony-Forming Cells for Granulocytes and 30 
Monocytes (CFC-GM) 

. Normal marrow ceO fractions obtained as above were 
assayed for CFC-GM in semisolid agar cultures. 

Day 12-14 CFC-GM were assayed in triplicate in 
semi-solid agar with 5% placenta-conditioned medium 35 
(Pike and Robinson, (1970) / Cell Physiol 76:77; Bur¬ 
gess et al., (1977) Blood 49:573) exactly as described 
previously (Strauss et aL, (1983) Blood 61:1222). Day 14 
multilineage colonies (Fauser and Messner, (1979) Blood 
53:1023; Nakahata et aL, (1982) Blood 59:857; Iscove, et 40 
aL f (1974) /. Cell Physiol 83:309) were assayed in qua¬ 
druplicate in medium containing 0.96% methylcellu- 
lose, 5% placenta-conditioned medium, and 1 unit/ml 
erythropoietin (Connaught, Torronto, ONT). Colony 
number was a linear function of total cells plated. It 45 
should be noted that, in most experiments, cells were 
plated at several dilutions to obtain countable plates 
(20-200 colonies). This was particularly important with 
My-10-posidve cell fractions, which were enriched in 
colony-forming cells. In addition, mixed lineage colo- 50 
nies were not scored an plates with more than 100 total 
colonies per plate, to avoid scoring superimposed colo¬ 
nies as products of a single colony-forming celL 
Colonies were counted in situ using a dissecting mi¬ 
croscope (50-80X) or inverted phase microscope 55 
( 200 x), and gross colony and cellular morphology was 
recorded. Representative colonies were plucked using a 
Pasteur pipette. Stained cytocentrifage preparations 
were analyzed for confirmation of cell type(s) within 
the colonies. 60 

Less than 10% of the CFC-GM were detected in the 
My-10-negative cell fraction, and the My-10-positive 
cell fraction was several-fold enriched for CFC-GM, 
compared to unfractionated marrow or control IgGl 
(MOPC 21)-bound marrow cells (Table 6 ). However, 65 
only approximately 40% of the CFC-GM of the initial 
marrow sample were recovered in the My-10-positive 
cell population. This might be explained by mechanical 


iiyury to the My-10-positive cells or by partition of an 
accessory cell type Sharlds et al., (1981) In Gershwin 
and Merchant (eds). Immunologic Defects in Laboratory 
Animals (Plenum, NY) 1:79; Strauss et aL, (1983) Blood, 
inpress). 

Marrow cell fractions obtained by My-10-panning 
were also cultured in medium containing methylcellu- 
losei As in agar cultures, CFC-GM were almost totally 
depleted from the My-10-negative fraction (Tables 7,8). 
In the experiment shown in Table 7, the My-10-positive 
fraction was approximately 30-fold enriched in CFC- 
GM and contained 90% of the initial CFC-GM (the fall 
recovery of CFC-GM in this experiment contrasted 
with yields of CFC-GM in agar cultures described 
above). CFC-GM colony subtypes (granulocyte, mono¬ 
cyte vs. granulocyte/monocytes [data not shown]; 
small vs. large colonies) were found in similar propor¬ 
tions in the My-10-positive and control cell populations. 

Pure erythroid colonies were enumerated at Day 14 
in the same panned marrow cell fractions (methylcel- 
lulose-containing cultures. Table 7, 8 ). Pure erythroid 
colonies were several-fold enriched in the My-10-posi¬ 
tive fraction, but some erythroid colonies were also 
present in the My- 10 -negative cell populations. It was 
noted that all of the large (more than 200 cells) ery¬ 
throid colonies with the microscopic characteristics of 
BFU-E (multiple hemoglobinized clusters of cells form¬ 
ing a large colony) were My- 10 -positive. Though small 
(less than 200 cell) erythroid colonies (enumerated on 
day 14, but with the morphology of CFU-E in that they 
were composed of only a single duster of hemoglobi¬ 
nized cells) were enriched in the My-10-bound fraction, 
substantial numbers of small erythroid colonies were 
My-10-bound. 

Smaller numbers of pure eosinophilic colonies were 
observed in these methylcellulose-containing marrow 
cultures. The pure eosinophilic colonies (CFC-Eo) 
were depleted in the My-10-negative fraction and en¬ 
riched in the My-10-positive fraction (Table 7, 8 ). Over 
80% of CFC-Eo were My-10-positive by this methodol¬ 
ogy. Even smaller numbers of mixed eosinophilic-ery- 
throid colonies (CFC-EEo) were observed, all in the 
My-10-positive cell population (Table 7, 8 ). 

_ TABLE 6 _ 

CFC-GM (ipr cttbora) ia My-10-Paancd 
Nona! Hanna Marrow Cells 

MOPC 21 My-10 


A. Single 
Experiment: 

Unbound 

Bound 

Unbound 

Bound 

Recovered 
Viable Cells* 

84% 

1% 

77% 

3% 

CFC-GM per 
10 5 Celle** 

63(±5)**** 

ND 

2<±U 

883(^69) 

Recovered 5290 

CFC-GM* ** 

B. Averaged Data: 

(9 experiments) 

ND 

192 

2650 

Recovered 
Viable Cells 

83<±2)% 

3(±D% 

81<:fcl)% 

6(±1)% 

CFC-GM 

Bnrtrlwiwrt 

[1] 

0 

QM(±a02) 

8(±2) 

CFC-GM 

[100%] 

0% 

9(±3)% 

42(±5)% 
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blast cells were My-10-positive (by either panning or 
tmmmifl resetting). 

_ TABLE 5 _ 

Anti-My-10 Tmwm# ItoKttisrHQiitu Murow Cells. 
Differential Node* ted Cell Counts* 

Anti-My-10-Reset ting 


Blest Cells 48% 63% 10% 

Promyelocytes 11 8 10 

Myelocytes 0 0 13 

Metamyelocytes 0 1 16 

Band forms tad leg- 11 8 II 

neutrophils 

Monocytes 0 0 13 

Lymphocytes 8 1 10 

Orthochrotnatopfaihe 3 3 6 

normoblasts 

Polychromatophillc 0 0 3 

twwmflhlMH 

Unidentifiable*** 30 17 0 

*Bucd upon 300 edl court (rouded). Whole narrow was taksa m (he fiesi 300 
mrlrartri oalla acu oo tba indirect aati-My>IO tart slide, whether roeetied or ooL 
**Ia wet aamoa Grata this experincat, Uft of marrow oafia fo rmed direct sad-My- 
10 rosettaa* aad XOft fornad indirect aati-My-tO rosettaa. Coteperieoa remits atiag 
MOPC 31 mural rosecne wen 0* (dines tad fadteaX and one 31/43/6 rosettes 
wen 100ft (diraot aad Udlract). 

•♦•Morphology obecurad by rousted erythrocytes. 


EXAMPLE V 

Expression of My-10 by Human Myeloid 
Colony-Forming Cells for Granulocytes and 
Monocytes (CFC-GM) 

Normal marrow ceD fractions obtained as above were 
assayed for CFC-GM in semisolid agar cultures. 

Day 12-14 CFC-GM were assayed in triplicate in 
semi-solid agar with 5% placenta-conditioned medium 
(Pike and Robinson, (1970) / Cell Physiol 76:77; Bur¬ 
gess et aL, (1977) Blood 49:573) exactly as described 
previously (Strauss et al., (1983) Blood 61:1222). Day 14 
multilineage colonies (Fauser and Messner, (1979) Blood 
53:1023; Nakahata et aL, (1982) Btood 59:857; Iscove, et 
aL ( (1974) / Cell Physiol 83:309) were assayed in qua¬ 
druplicate in medium containing 0.96% methylcellu- 
lose, 5% placenta-conditioned medium, and 1 unit/ml 
. erythropoietin (Connaught, Torronto, ONT). Colony 
number was a linear function of total cells plated. It 
should be noted that, in most experiments, (ills were 
plated at several dilutions to obtain countable plates 
(20-200 colonies). Hus was particularly important with 
My-10-positive cell fractions, which were enriched in 
colony-forming cells. In addition, mixed lineage colo¬ 
nies were not scored on plates with more than 100 total 
colonies per plate, to avoid scoring superimposed colo¬ 
nies as products of a single colony-forming cell. 

Colonies were counted in situ using a dissecting mi¬ 
croscope (50-80X) or inverted phase microscope 
(200X), and gross colony and cellular morphology was 
recorded. Representative colonies were plucked using a 
Pasteur pipette. Stained cytocentrifuge preparations 
were analyzed for confirmation of cell type(s) within 
the colonies. 

Less than 10% of the CFC-GM were detected in the 
My-10-negative cell fraction, and the My-10-positive 
ceil fraction was several-fold enriched for CFC-GM, 
compared to unfractionated marrow or control IgGl 
(MOPC 21)-bound marrow cells (Table 6). However, 
only approximately 40% of the CFC-GM of the initial 
marrow sample were recovered in the My-10-positive 
cell population. This might be explained by mechanical 


injury to the My-10-positive ceQs or by partition of an 
accessory ceQ type Sharitis et aL, (1981) In Gershwin 
and Merchant (eds), Immunologic Defects in Laboratory 
3 Animals (Plenum, NY) 1:79; Strauss et aL, (1983) Blood , 
in-press). 

Marrow cell fractions obtained by My-10-panning 
were also cultured in medium containing methylcellu- 
lose. As in agar cultures, CFC-GM were almost totally 
10 depleted from the My-10-negative fraction (Tables 7,8). 
In the experiment shown in Table 7, the My-10-positive 
fraction was approximately 30-fold enriched in CFC- 
GM and contained 90% of the initial CFC-GM (the foil 
recovery of CFC-GM in this experiment contrasted 
with yields of CFC-GM in agar cultures described 
above). CFC-GM colony subtypes (granulocyte, mono¬ 
cyte vs. granulocyte/monocytes [data not shown]; 
small vs. large colonies) were found in similar propor- 
20 tions in the My-10-positive and control cell populations. 

Pure erythroid colonies were enumerated at Day 14 
in the same panned marrow cell fractions (methylcel- 
lulose-containing cultures. Table 7, 8). Pure erythroid 
colonies were several-fold enriched in the My-10-posi- 
tive fraction, but some erythroid colonies were also 
present in the My-10-negative cell populations. It was 
noted that all of the large (more than 200 cells) ery¬ 
throid colonies with the microscopic characteristics of 
30 BFU-E (multiple hemoglobinized clusters of cells form¬ 
ing a large colony) were My-10-positive. Though small 
(less than 200 cell) erythroid colonies (enumerated on 
day 14, but with the morphology of GFU-E in that they 
were composed of only a single cluster of hemoglobi- 
33 nized cells) were enriched in the My-10-bound fraction, 
substantial numbers of small erythroid colonies were 
My-10-bound. 

Smaller numbers of pure eosinophilic colonies were 
40 observed in these znethylcellulose-containing marrow 
cultures. The pure eosinophilic colonies (CFC-Eo) 
were depleted in the My-10-negative fraction and en¬ 
riched in the My-10-positive fraction (Table 7, 8). Over 
80% of CFC-Eo were My-10-positive by this methodol- 
3 ogy. Even smaller numbers of mixed eosinophilic-ery- 
throid colonies (CFC-EEo) were observed, all in the 
My-10-positive cell population (Table 7, 8). 

TABLE 6 

50 . . - 

CFC-GM (agar cultures) ta My-10-Panaed 

_Normal Human Marrow Cells_ 


A. Single 

Prp^fiiiiwih 

Unbound 

Bound 

Unbound 

Bound 

Recovered 
Viable Cells* 

84% 

1% 

77% 

3% 

CFC-GM per 
ID 5 Cells** 

63(±5)**** 

ND 

2<±0 

883<±69) 

Recovered 3290 

CFC-GM*** 

B. Averaged Data: 

(9 experiments) 

ND 

192 

2630 

Recovered 
Viable Ceils 

83(±2)% 

H±\)% 

81(±I)% 

6<±l)% 

CFC-GM 

Enrichment 

HI 

0 

a03(±0.02) 

8<±2) 

CFC-GM 

[100%] 

0% 

9(±3)% 

42(±5)% 
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CFC-QM (tgar cultures) la MrlO-Ptnocd 
_Normal Hamm Marrow CeDs 


MOPC21 


My 10 


Unbound P ffH Unbound - Bound 


Recovery 


•V «bm repcacmt (100%) X (vitbl* ocfl aumber in tacdosVCUtbl cell asmber 
treated with McAb). 

"•Arithmtrio mean (± usadwd drrintos) of ss least triplicate daeontnarioos 
(rounded). 

•••Product of (CFCGM/IO 5 ) edli) X (camber of viable cells in frsedoe). 


Not doss. 

(CFC-QM per 10* ceQt faa given ceU fractfaaytCFCOMpcr 10* crib it 
MOPOll-ttaboad ftacrioa liar that experimenO. Maw X 1 standard error, of tbs 
we*n(SEM> 

(100%) x (RecoveredCFCOMlagfere ftacdsoVCRecovcreri CFC^ *« 

MOPOH-oabousd fraction for dot eipcrimne X Mean X 1 3EM. 

Tte MOPC-21-bound ftacdoo was largo enough to permit pladag for 
CFC-GM oo only 2 of there 9 mprrimrna. In both of thoa sapertmena sod in 6 
sd tffrt oesl e jtperinwnt a. no CFCQM.colooki grew oo the plain. 


TABLE 7 


Cokwilrs in Methylcdlulnae Culture After Punning 
_ (single experiment) 


My-iO_ 



Unbound Bound 

Unbound 

Bound 


Recovered 

Viable Cells*: 

Large CFC-GM: 

84% 1% 

77% 

3% 

25 

Per I0 3 Cells** 

57(±6) ND 

K*!) 

1600(3:180) 


Recovery*** 

Small ■ CFC-GM: 

4790 ND 

n 

4800 


Per 10* Cells 

106<±17) ND 

5<±2) 

3650(±400) 

30 

Recovery 

Large Erythroid: 

8900 ND 

3 S3 

10930 


Per 10 s Cells 

38(±2) ND 

0(±P) 

1450(±200) 


Recovery 

Small Erythroid: 

4870 ND 

0 : 

4350 

35 

Per 10 3 Celia 

142(±2) ND 

94<±12) 

1970(±490) 

Recovery . 

CFC-EEo 

11930 ND 

7240 

3850 


Per 10 s Cdls 

2(±1) ND 

<H±0) 

*K±0) 


Recovery 

CFC-Eo : 

168 ND. 

0 : 

150 

40 

Per 10* Cells 

14(±2) ND 

3(±I) 

380(± 150) 

Recovery 

1090 ND 

231 

1200 



fluorescein-conjugated, anti-mouse IgO (as above for 
analytical indirect immunofluorescence). After wash¬ 
ing, the ggfle were analyzed and sorted on the basis of 
fluorescence intensity (FACS II). “My-10-brighf* cells 
3 were defined as more than 50 channels fluorescence 
intensity (1.93% of total My-10-treated cells; in con¬ 
trast, 0.05% of the MOPC-21-treated cells were 
brighter than 50 channel units). The FACS II was ad- 
10 justed to deflect anti-My-10-treated cells with fluores¬ 
cence intensity less than 30 channels into the “My-10- 
dull" fraction (97.14% of total sorted cells). A “win¬ 
dow” of cells between 30-50 channels fluorescence 
intensity (0.93% of total My-10-treated cells) was dis¬ 
carded to minimise overlap. The My-10-bright fraction 
consisted almost entirely of morphologically-defined 
blast cells (Table 9) Cytochemical assays suggested that 
the FACS-separated My-10-positive blast cells were 
heterogeneous, containing at least monoblasts and mye¬ 
loblasts (confirming cytochemical studies on panned 
My-10-positive cells). 

The My-10-positive fraction contained essentially all 
of the colony-forming cells, and was more than 50-fold 
enriched for these progenitor cell types (Table 10). 1S% 
of the My-10-positive cells formed colonies detectable 
in this culture system. These FACS results are in agree¬ 
ment with the results using the panning methodology, 
except that FACS apparently yielded a population of 
My-10-positive cells that was more enriched in primi¬ 
tive and clonogenic cells. 

_ TABLE 9 _ 

Cytochemical Analysis of FACS-Separatcd 
My-10-Ajtigen-Pcmtive Primitive Cells* 

Percent 
Primitive Cells 
Cytochemical ly 

Cytochemical Stain_Positive** 


. 20 


>.**,***Sw» Table & 

I -1 1—-*- _ j VM uUa — - — ■- *— Um thaw W\ mIU' 


Peroxidase 
Sudan Black 
Periodic Add SchifT 
NASD Chloroacetate Esterase 


14 % 

10 

16 

I 


Nat dose. 

CFC-Eo m pureeoriaopbO cotanlr a CFC-EEo ■ stead eotoaks of tfae 
CFC-OEMM-type cnasaistag erythrocytes sad eodnophis. 


_ TABLE 8 _ 

Percent of Colonies in My-10-Bo«nd Marrow Cell 

_ Panning Experiments* 

Percent 
Recovered in 
My-10 Bound 
Practice 


Viable Cells 

«*»>* 

Large CFC-GM 

95(±2) 

Small CFC-GM 

M(±8) 

Large Erythroid 

7S(±10) 

Small CFC-GM 

46<±14) 

CFC-EEo 

98(±2) 

CFC-Eo 

86(±6) 


"Arithmetic mesas (rounded X 1SEM) In 4 experiments plated Is methylcdldaae 
culture*. Defaiiiom of colony types, etc. as in Table 7. 


EXAMPLE VI 

FACS II Sorting of My-10-Treated Marrow Cells 

Under aseptic conditions, normal low density, nonad¬ 
herent marrow cells were incubated with centrifuged 
anti-My-10, washed, then reacted with centrifuged. 


Nonspecific Esterase Diffusely Stained 21*** 

Foodly Stained l*** 

•3% of the PACS-Srparsted My-UVurigm-posidve cells were matured neutrophils 
(metamyelocytes, band forms, segmented ocatropfaDs), 4% were mature monocyte* 
sad 1% were mature lymphocytes. Tbeas mature cells wen eot sc ored iu this 
analysis of the "prtatfve blssr cdh (14%. *0 aorydiologlraHy immmew with s 
fine, open chrtwiatra penera) sod promyelocytes (4%). 


•“Values ware am with NaF added (NaF inhibits nonspecific e 


TABLE 10 


55 


60 


65 


Colonics in MethvlceDnlosc Culture After FACS Experiment 



Unsorted* 

My-10- 

DuO 

My-10- 

Bright 

Recovered Viable Cells: 
Colonies per 10* Cells**: 

[100%] 

97% 

2% 

Large CFC-GM 

50(±21) 

0(3:0) 

4150(3:680) 

Small CFC-GM 

147(±41) 

2<±0) 

7750(^1980). 

Large Erythroid 



1800(3:690) 

Small Erythroid 


H±l) 

3400(±910) 

piWBnphiLgftntiipiog 

11(3:7) 

0(±0) 

550(±380) 


•Cdls were aod-My»l0-<ratcd tad passed through FACS User, but not sorted. 
••Dcflohtons of mcthykeUulose culture CFC-QM sod erythroid as do- 

scribed in test and previous Tables. Eoaiaophil-c ocrt a inii g cokmies include CFC-Eo 
sad CFC-EEo. Low erythroid coloay growth was o b s er v e d ia this experiment, 
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EXAMPLE VH 

Immunopredpitatioa of a Radiolabdlcd KG-la 
Antigen by Anti-My-10 

Vectorial labelling of the plasma membrane of intact * 
cells with 125 I-iodide, followed by immunopredpita- 
tion with SA-bound monoclonal antibody, SDS-PAGE 
analysis; and visualization of antigen by autoradiogra¬ 
phy, was utilized to identity the KG-la membrane pro- 
tein d et ect ed by anti-My-10. Under reducing as well as 
non-reducing conditions. My-10 antigen had an Mr of 
approximately 115 kD, indicating the absence of disul¬ 
fide-linked oligomers. 

KG-la cells were radioiabelled vectorially within w 
125 I-iodide using the method of Hubbard and Cohn 
((1972) /. Cell BioL 55:390). Briefly, 20 million cells in 
exponential growth were washed four times in 10 mM 
Hepes—0.15 M NaCl buffer, pH 7.4 (Buffer A). The 
cell pellet was resuspended in one ml of Buffer A con- ^ 
taming &05 M glucose, 40 ul of (100 IU/ml) lactoperox- 
idase (Calbiochem-Behring, San Diego, GA), and 2.5 ul 
of freshly prepared (1 mg/ml) glucose oxidase (Mil- 
lipore Corp., Freehold, NJ). 0.5-1 mCi of 125 I-iodide 
(New England Nuclear, Boston, MA) was added, and M 
the cell suspension was incubated at 22* C. for 20 min¬ 
utes with gentle agitation. Then 10 ml of Buffer A con¬ 
taining 4 mM KI and 0 . 1 % glucose was added to stop 
the reaction. After four washes with Buffer A, the cell 
pellet was resuspended in 500 ul of disruption buffer (10 jq 
mM EDTA, and 50 ug/ml Leupeptin [Sigma]) for 20 
minutes on ice with periodic vortexing. The cell extract 
was then centrifuged (10 minutes, 15,600Xg, 4* C), and 
the supernate used for immunoprecipitation. 

Immunopredpitation was performed essentially as 35 
described by Lampson, in Monoclonal Antibodies 
395-397 (Kennett, et aL 1980). For each monoclonal 
antibody to be tested, 300 ul of 10% fixed, whole, pro¬ 
tein A-bearing Cowan strain Staphylococci (SA; Calbi¬ 
ochem-Behring) was washed three times by centrifuga- 40 
tion (15,600Xg, 5 min., 4* C) in Lampson wash buffer 
(WB) (0.1M phosphate-buffer saline, pH 8 . 6 , containing 
0.1% BSA, a02% NaN3, a5% NP40,0.1% SDS). The 
SA pellet was then resuspended to the initial volume 
with goat anti-mouse IgG serum (Kierkegaard and 45 
Perry, Gaithersburg, MD) and incubated 12-18 hrs. at 
4* C The SA-IgG complex was washed seven times in 
WB and suspended with monoclonal antibody (hy- 
bridoma culture supernate) to 10% (v/v). After 40 min¬ 
utes incubation (22* C), the SA-IgG-monodonal anti- 50 
body complex was washed three times in WB and resus¬ 
pended to the initial volume in WB. To this complex, 
80-120 ul of cell extract was added, followed by incuba¬ 
tion at 4* C for 12-18 hours. The SA-IgG-monodonal 
antibody complex was then washed three times in WB 55 
and resuspended in 50 ul of WB plus 25 ul of Laemmli 
((1970) Nature 227:680) sample buffer (0.0625M Tris 
HC1, pH 6 . 8 , containing 12.5% glycerol, 1.25% 2 -mer- 
captoethanol, 5% SDS and 1 mM EDTA), boiled for 
two minutes, centrifuged (15,600Xg, 5 min.), and the 60 
supernate harvested for analysis by SDS-polyacryla- 
mide gel electrophoresis. 

The samples were analyzed on 10% SDS-polyacryla- 
mide gels under reducing conditions according to the 
method of Laemmli ((1970) Nature 227:680). After elec- .65 
trophoresis, the gd was stained with Coomassie brilliant 
blue, destained, dried onto filter paper and exposed to 
X-ray AR film (Kodak, Rochester, NY) at -70* C 


EXAMPLE VIE 

Reactivity of Anti-My-10 with Diagnostic Specimens 
from Patients with Acute Leukemia 

Initial diagnostic marrow specimens from Johns Hop¬ 
kins Oncology Center patients found to have leukemia, 
with at least 80% marrow blast cells, were tested with 
these antibodies by indirect immunofluorescence. Spec¬ 
imens which contained at least. 20 % fluorescent cells 
(over background) were counted as “positive” for that 
antigen (Strauss et al., (1983) Blood, in press). The 
My-10 antigen was expressed on blast cells from ap¬ 
proximately 30% of the acute leukemia specimens, both 
lymphocytic and nonlymphocytic, but on none of the 
few chronic leukemia specimens tested, including two 
specimens of chronic myelogenous leukemia (CML) in 
“myeloid” blast crisis or other specimens tested (Table 
11 ). 

TABLE 11 


Reactivity of Patients' Marrow* Leukemic 
Blast Crib With Aad-Mv-10 


Percent 

Positive 

Specimens*** 

28% (18/65) 
32% (10/31) 


0 % ( 0 / 1 ) 
0% (0/2) 


Acute Nonlymphocytic Tenkmiia 28% (18/65) 

Acute Lympbo^rtic Leukemia 32% (10/31) 

cALLa-positive (1/23) 

HLA-DR-positive, cALLa-oegative (2/3) 

T-cdl (leu-1 or T11-positive) (Q/5) 

Chronic Lymphocytic Leukemia 0% (0/10) 

Ouonio Myelogenous Leukemia 0% (0/3) 

Mydobbstic crisis (0/1) 

Basophilic blmt critis (0/1) 

Untreated chronic phase (0/1) 

Mycosis fungoides** 0% (C/1) 

Lymphoma Noo-T, noo-B (0/1) 0% (0/2) 

B-ceU (0/1) 

Undifferentiated carcinoma 0% (0/1) 

(marrow involvement) _ 

* Peripheral blood (at lent 80% leukemic smuwackar cells) wm studied iastcad of 
bote marrow la 9 chr c al c lymphocytic aad 3 acme lympho c y ti c leukemia sped- 
tacos ss well as ia the 1 nycori fan goid ci jpcchacm Aaritea edit or mrchwiin l l y 
dtnoriurd cdb drooi lymphoaietom nodes warn studied ta the 2 pet jests with 
lymphoma. 

“Diagnosis de fi n ed by cSs icsl laota, blast eytomcrpholofy and cytochemistry, 
aad itnmuaolopc markon Sea Nadlo et aL, Ditgnoaa aad Treatment of Human 
Irukrmim aad Lymphomaa Utirring Moa odoaal Aadbodics, pp. 117-225 (E. 
Brown 1981). 

» M Vikw repccse ml percent of tpadmwn with at least 20* (above MOPC 21 
bacitgrooad) aatibody4abcIlad oalla (aember poridva treated). 

Since variations will be apparent to those skilled in 
the art, h is intended that this invention be limited only 
by the scope of the appended claims. 

I claim; 

L A monoclonal antibody which specifically binds to 
an antigen on nan-malignant, immature human marrow 
cells, wherein said antigen is stage specific and not lin¬ 
eage dependent, and said antigen is also specifically 
bound by the antibody produced by the hybridoma 
deposited under ATCC Accession No. HB-8483; 

(a) which antigen is present on non-malignant, human 

blood or bone marrow: 

(i) colony-forming cells for granulocytes and 
monocytes (CFC-GM), 

(ii) colony-forming cells for erythrocytes (BFU-E% 

(iii) colony-forming cells for eosinophils (CFC- 
Ho), 

. (iv) multipotent colony-forming cells (GFC- 
GEMM), and 

(v) immature lymphoid precursor 

(b) which antigen is present on a maximum 1 of about 

3% non-malignant, human marrow cells and a max- 



21 

imam of about 1% Boo-malignant, human periph¬ 
eral blood cells; and 

(c) which antigen is not present on non-malignant, 
mature human myeloid and lymphoid cells. 

Z The monoclonal antibody of claim 1 that corre¬ 
sponds to the monoclonal antibody produced by the 
hybridoma deposited under ATCC Accession No. HB- 
8483. 10 


22 

3. The monoclonal antibody of claim 1 that is the 
antibody produced by the hybridoma deposited under 
ATCC Accession No. HB-8483. 

4. A hydbridoma which produces a monoclonal and- 
5 body of claim 1 

5. A hybridoma which produces a monoclonal anti¬ 
body of claim Z 

& The hybridoma deposited under ATCC Accession 
No. HB-8483. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 4,965,204 

dated : October 23, 1990 

INVENTORS) : Curt I. CIV IN 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 


Column 20, line 56 (line 6 of claim 1), delete all the text of claim 1 after "HB-8483". 


Column 21, line 6, after the word "that", delete "corresponds to" and insert 
-specifically binds a binding site on said antigen which overlaps the binding site on said 
antigen specifically bound by— 


Attest: 


Signed and Sealed this 
First Day of August, 1995 


Attesting Officer 


BRUCE LEHMAN 

Commissioner of Patents and Trademarks 



UNTIED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENTNO. : 4,965,204 

DATED : October 23, 1990 

INVENTOR(S) : Curt I. CIV IN 

It is certified that error appears in the above-indentified patent and that said Letters Patent is hereby 
corrected as shown below: 


Column 1, line 8 f please arid* 

J 

—The invention described herein was made in the course of work under a grant or 
award from The Department of Health and Human Services.— 


Signed and Sealed this 
Seventh Day of October, 1997 


Attest: 


^lUuct 


BRUCE LEHMAN 


Attesting Officer 


Commissioner of Patents and Trademarks 
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Column 20, line 56 (line 6 of claim 1), delete all the text of claim 1 after "HB-8483". 
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-specifically binds a binding site on said antigen which overlaps the binding site on said 
antigen specifically bound by- 
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award from The Department of Health and Human Services.— 
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'Tung Koh 

Director, .Regulatory Affairs 
Nexell Therapeutics, Inc. 

9 Parker 

Irvine, CA 92713-1605 


Re: 

Product: 

Piled: 

Amended: 

* 

Re: 

Product: 
Filed: 
Amended: 

Dear Ms. Koh: 


BP 97-0001 

Isolex 300 Magnetic .Cell Selection System 
February 24, 1997. 

See appended list 

BP 97-0001/01 

Isolex 300i Magnetic Cell Selection System 
February 3, 1998 
See appended list 


The Center for Biologies Evaluation and Research (CBER) of 
the Food and Drug Administration (FDA) has completed its 
review of your premarket approval application (PMA) and 
supplement for the Isolex 300 Magnetic Cell Selection System 
and for the Isolex 300i Magnetic Cell Selection System, 
respectively. These devices are indicated for processing 
autologous peripheral blood progenitor cell (PBPC) products 
to obtain a CD 34+ cell enriched population intended for 
hematopoietic reconstitution after myeloablative therapy in 
patients with CD 34-negative tumors. We are pleased to 
inform you that the PMA and supplement are approved subject 
to the conditions described below and 'in the "Conditions of 
Approval” (enclosed here and previously communicated to you 
in a letter-'dated January 7, 1999). You~may begin 
commercial distribution of the device upon receipt of this 
letter. 


The sale, distribution, and use of this device are 
restricted to prescription use in accordance with 21 CFR 
801.109 within the meaning of section 520(e) of the Federal 
Food, Drug, and Cosmetic Act (the act) under the authoritv 
of section SlSjcil(l) (B) (ii) of the act.' FDA has also 
determined that to ensure the safe and effective use of the 
device, the device is further restricted within the meaning 
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Page 2 - Ms. Koh 

of section 520(e) under the authority of section 
515(d)(1)(B)(ii), (1) insofar as the labeling specify the 

requirements that apply to the training of practitioners who 
may use the device as approved in this order; and (2? 
insofar as the sale, distribution, and use must not violate 
sections 502(q) and (r) of the act. 

In addition to the post-approval requirements in the 
enclosure, the post-approval reports must include the 
following information: 

1. You have agreed to conduct the post-marJceting studies 
detailed below. An outline of the protocols for these 
3tud5.es are to be provided to CBEK within three weeks of 
receipt of this letter to be followed, within 3 months, by 
more detailed protocols and plans for implementation, V 
including timelines for completion. 

a. Laboratory Studies: 

i. Full scale studies using apheresis products to 
determine the effect of leukocyte counts, total 
nucleated cell counts and platelet counts on yield 
purity and viability of CD34* selected ceUs Jhe« 
studies will be designed to determine the level 
(absolute number, relative percentage) of 
granulocytes, platelets, and/or other cellular 
elements which will result in a higher risJc/incidence 
of performance failure. 

scale studies using apheresis products to 

of anti-coagulant concentration 
(ACD A to cell ratio) and the composition of 
suspension and wash solutions used for prior apheresis 
collection on yield, purity and viability of CD34+ 
selected cells and to assess factors which will result- 
in a higher incidence of performance failure. 

iii. Full scale studies using apheresis products to 
determine the effect of paraprotein levels, over a 
range expected to be observed in subjects with 
multiple myeloma and other monoclonal -gammopathies on 
yield, purity and viability of CD34 + selected cells 


3/ 6 
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pr H od \ cts 

yield, purity and viability of CD?" feUcted a "a“l s ° n 

SCdls StudiSS UsinfT 2n^n«- 

explore approaches for maximum product s to 
cells from the non-target cell colil®^ ° f CD34+ 

conditions of separatWselection^ilS?.™* 1 ** 
b* Surveillance Study: 

performanc^fai lures fo^eaci^devi 3 ^* for 
capture critical information ufinJ^ Ch wiu 
(CAFs) and describe suitable folio Case re P° r t forms 
reporting study should c^ur^H* ^asures. This 
causes of performance failures or nmK the specif ic 
but not limited to, the contribution 0 *^ 6 ® 3 ' inc luding 
abova factors (see labor“o™ ? r JJ 1 01 the 

Period should be the first three toms' reportin 3 
and, once the data are analyzed ? n J P°st-approval, 

™ “ hethsr the ^ »houl5 be'co«iS S o S r U cl t ose t S e 

n ! S »».«•!»« the 

nucleated cells, granulocyte S P fn* C ? g f of; tota l 
apheresis product* and the yiild of P CM? IetS in the 
selection; ACD-A anticoagulLtto Lf? 34+ i-? eUs after 
(and if present immunoglobulin subtvne* ra ^ 10; Presence 
level) of paraproteins; and inff™!?? 6 and Serum 
cryopreservation of the celinffS 4t i 0n re ararding 
selection. The plan for evaSa?i?n° d ? CtS prior ?o 
failures and CRFs are to be orovtri^ 05 • perforraanca 
weeks of the receipt o! ms^eSel ““ h “ “«<= 

4at AS you ta w t u d l: in ydur d -d dune 22 . 19 „, Ue 


th. lot release 

specification for pHranae for- +h Ca i ly: t0 in clude a 

the 1 !!??' 1 ?* IgG arid t0 Include the'acw^l^f M ' 4S0 shee P 
eats for each component of the^ejgent KU; lned 

nmasm 


:* 1 / 6 
4/ 6 
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Page 4 - Ms. Koh 

b. include two additional lots of the Anti-CD34-Monoclonal 
Antibody in. your ongoing stability studies; 

c. establish a limit for aggregates observed during the SDS-page 
analysis of the Anti-CD34-Monoclonal Antibody? 

d. monitor the temperature in shipments of Dynabeads-M-450 Sheep 
Anti Mouse IgG from Norway to California by inclusion of a ? 
temperature recording device; 

a«icL co n p?lt^ UeS "* SatiSfa=t0rUy r ” 0lved “ d corre ctiv e 

Expiration dating for the components of the Reagent Kit has 
been established and approved as follows: at 18 months for th- 
Ant1-CD34-Monoclonal Antibody (murine) when stored at 2 -S°c- 
at 30 months for the Dynabeads M-4S0 sheep Anti-Mouse IgG when 
stored at 2-8 C; at 36 months for the PR 34+ Stem Cell ^ 

Releasing Agent when stored at 2-3°c. The dating period for 
the disposable sets has been established and approved at 24 
months when stored at ambient temperature. This is to advise 
Wlth the € * ce P cion the Anti-CD34-Monoclonal 
Antibody, the protocols you used to establish these expiration 
dating periods are considered approved protocols for the 

the expi ~ ti ° n datin ’ - P-idefby „ 

Ml 

of the safety and effectiveness data upon which hfancro^’' 7 
is based is available to the public upon reouest VthfOSo 

BEGlSTEH PU ant C i«°r n0tiCe 01 a PP^val in the FEDERAL 

REGISTER, any interested person may seek review of this 

decision by requesting an opportunity for administrative 

review, either through a hearing or review by an independent 

advisory committee, under section 515(g) of the Federal FooH 
Drug, and Cosmetic Act (the act). Federal Food. 

Failure to comply with the conditions of approval invalidate 
this approval order. Commercial distribution of a~££l« 0w 

tLTct™ “" pUancs conditions is iMotlATn 


comoem 
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You are reminded that as soon as possible, and before 
commercial distribution of your device, that you must submit 
an amendment to this PMA. submission with copies of all 
approved labeling in final printed form. 

AJ.1 required documents should be submitted in triplicate, 
unless otherwise specified, to the address below and should 
reference the above PMA number to facilitate processing. 

Document Control Center (HFM-99) 

Center for Biologies Evaluation and Research 
Food and Drug Administration 
1401 Rockville Pike 
Rockville, Maryland 20852-1448 

If you have any questions concerning this approval order, 
please contact Terrye G. Zaremba at(301) 827-5103. 


Sincerely, 



Office of Therapeutics 
Research and Review 
Center for Biologies 
Evaluation and Research 


Enclosure 


-, 


COnFIDEnTIflL 
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Add Dr. Gisselbrecht and his protocol 
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Entitled "Use of CD34 Cells Isolated with the 
Baxter lsolex* 300 System for Acceleration of 
Hematologic Recovery from Dose Chemotherapy 
in Patients with Advanced Lymphomas. n 

Protocol #4302104 
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Hew distribution plan (31575) 
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Updated stability report for anti-C034 mAb, 
peptide, Dynabeads and disposable sets for 
max dating. (31528) 

Derived SAS data set for CD34, B-ceLL, 7-cell 
and breast cancer cell for Dr. Misra to 
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Draft package insert and copy of the 
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Notification of cross-referenced DMF B8-MF 

5070 amendment (10/3/97), Amendment included 
change in aseptic filling site (from Hyland 
to CBL). (#24680) 

Preread Package for for the 10/9/97 face-to- 
face meeting on the submission pathway and 
strategy for the Isolex 300i. (24667) 
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Request for a teleconference and a face-to- 
face meeting for the Isolex 300i System with 
FDA. (24494) 

Submission of additional clinical data and 
product failure for the 300i for 
determination of submission strategy for the 
300i in follou i^> to 7/10/97 conference call 
With F0A, (24418) 

Amendment for +/- protocol (24341) 

NOTE: FDA has given this submission its own 

IDE nunber, BB-JDE 7214- 

Request of teleconference with CBER for the 
Isolex 300i PHA. <#24151) 

Response to FDA with revised and combined 
(Dynabeads/CD34) Informed Consent and 
Investigator letter on CJD issue. (24160) 

Submission of changes to institutional 
protocol and subinvestigators at Indiana 
University, Or. Rafat Abonour. (24006) 

Addition of new investigator: Dr. George 

Somlo at City of Hope to protocol 92004 

302103. (24004) 

Notification of change of manufacturing site 
(to Mt Home) of disposable set, code FTX1028. 
(23921) 

Letter on CJD. (23873) 

Letter on CJD. (23874) 

Submission of 1RS approval for switch from 
chymo to peptide for Dr. Anthony Ho at UCSD. 
(23340) 
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Isold! Magnetic Cell Selection System 



iffxall Thenpeatia Inc. 
rvlne. California 92618 USA 

(209623 

1/99 

Jexefl. isotax, and PR34+ ere trademarks of Nexen Therapeutics Inc. 
solar is registered with the U.S. Patent and Trademark office. 
)ynabaads® is a registered trademark of Dynal A.S., Oslo. Norway. 

J.S. Pal. Nos. 4,714,660; 4365.204; 6.035394; 5361330; 
*).130.144:5.443.451; 5,460,493; and 5.536,475. 


DESCRIPTION 

tntu Magnate Call Sahctha Systam 

The (sotex Maonetic Cell Selection System consists of the following 

components: 

• Isofex 300 or 3001 Magnetic Can Selector 

• Disposable Set for Isolex 300 or 3001 Meonetic Cell Selector 
This predict contain dry neturel rakbor. 

• Isolex Stem Cell Reagent Kit for either Selector containing: 

• One vial of AntrCD34 Monoclonal Antibody 

• One vial of Dynabeads® M-450 Sheep enti-Moueo igG 

• Ono via) of PR34+Stem Cell Releasing Agant 

The packaging el Ms Reagent Kit contains dry natural ralber. 

The Disposable Set end the Reagent Kit are intended for use only with 
the Isofax Selectors. Refer to the Isolex 300 and Isolex 300i Magnetic 
Cell Selector Operator^ Manuels for a detaBed description of the 
Isolex Selector and die Isolex disposable set. 

Irelax Stem Call Raagaat Kit 

Isofmc AnK»CPa 4 Monnctonfll Antibody 
The Isolex antibody is an anti-human CD34 murine IgG, monoclonal 
antibody with lambda light chains. The antibody Is supplied in a 25 
mL (1.0 mg/mL) sterile, nonpyrogenrc phosphate buffered saline 
solution. Caetlen: This product is manufactured as a colorless 
solution. Should discoloration occur, product should be returned to 
Nexetl Therapeutics Inc. SBgM particulate formation may develop 
during the shen life of the product; this has no measwaWe Impact on 
antibody function. 

rvnabradsft M-450 Sheen ami-Mmi se hi6 
Dynabeads® M-450 Sheep anb-Mouse IgG are panmagnetic. 
polystyrene beads wtth affinity purtflBd sheep anti-mouse IgG 
covalently bound to (he surface. The sterile nonpyrogenlc suspension 
contains 10 ml of approximately 4 x 10* beads/mL In. phosphate 
buffered saSne wtth 0.1% Albumin (Human), USP. 

PR34+ Stem Cell Releasing Aoent 

The PR34+ Stem Cell Releasing Agent is an octapeptlde that is 
supplied In a 20 ml sterile, nonpyropenic phosphate buffered saline 
solution. 

PRINCIPLES OF OPBUmON 

The key steps In the positive cell selection process as described 
in the Operator 1 * Manual are: Sensitization. CapturalRosatti. 
Separation, and Rebas& 

Sansilhation: In the Jsotax positive selection procedure, the anti- 
CD34 monodonal antibody (the primary antibody) Is mixed with cells 
In suspension to permit binding to CD34+ cells. 
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Captura/Rossttc: Follow!no washing to remove the unbound 
antibody, Dyna&eads® M-450 Sheep antl-Mouse IgG are mixed with 
the cdl suspension. Dynabaeds® M-450 have bean coated with the 
sheep anti-mouse IgG (the secondary antibody), aftloh recognizes the 
murine-derived snti-C034 primary antibody. This creates bead-target 
cell rosette complexes. 

Separation’ A magnetic field is applied to the chamber, enabling the 
CD34+ caff-bead complexes to bo separated magnetically from the 
rest of the oefl suspension. 

Rtfease; Following washing in ths chamber of the Isolex Disposable 
Set to remove non-target caffs. PR34+ Stem Cell Relaasing Agent is 
introduced to separate antlbodles/bosds from CD34* cads. The beads 
and associated antibodies are retained within the disposable chamber 
by the magnetic field. The separated CD34+ cells are then washed to 
remove residual reagents, such as mouse and sheep antibodies, and 
collected. 


INDICATIONS AND USAGE 

The Isolex 300 and Isolex 300i Magnetic Cell Selection Systems are 
indicated for processing autologous peripheral blood progenitor cell 
(PBPC) products to obtain a C034+ cell enriched population intended 
for hematopoietic reconstitution after myeloablative therapy in 
patients wttn 0DJ4-negative tumors. Isolex processing reduces the 
number of non-C034+ (non-target) cells, including tumor cells, in the 
autograft compared with unsefected PBPC. Clinical studies have not 
determined whether use of the Isolex 300 or 300) systems will alter 
progression-free or overall survival. 

it is recommended that sufficient peripheral blood be collected to 
provide at least 2x10* CD34+ cells per kilogram of patient body 
weight after CD34+ cell selection. Infusion of fewer cells has been 
associated with delayed time to platelet engraftment. (See 
WARNINGS.) 

CIINICAL EXPERIENCE 
Doeatptien of CtWcal Btedles 

The safety and effectiveness of the Isolex System were evaluated in an 
open-label, randomized clinical study designed to detect clinically 
significant delays In engraftment with infusion of tsolex-sefeoted 
C034+ cells as compared to unsofeclad mobilized peripheral blood 
progenitor cells (P8PC) 1 . 

A total of 189 patients with stage II, III, or IV breast cancer who were 
candidates for high-dose chemotherapy with autologous PBPC rescue 
were enrolled. Subjects ware eligible for randomization If they 
achieved adequate mobilization (a 20 CD34+ cbIIsAjL peripheral 
blood); 158 patients (M%) met this criterion. A total of 142 were 
randomized; 76 patients were allocated to receive Isolex-processed 
PBPC and 66 to receive unsefected PBPC. One subject, randomized to 
Isolex processing, relapsed prior to transplantation; thus engraftment 
results are reported for 75 patients In the Isolex arm. The protocol 
also required a minimum of 5 x 10* CD34+ cefisftg In me PBPC 
product In order to undergo Isolex-processlng. Stay-six (87*) of the 
76 patients in the Isolex-processed arm had 5 x 10 s CD34+ ceQs/kg 
collected. Ten of the 75 patients (13%) who were transplanted 
received back-up (unprocessed) PBPC 

Enprzftm of 

The median time to neutrophil enoraftment was the same for both 
nrms, but the median time to platelet engraftment was longer for the 
Isolex arm (Table 1). Also, the Kaptan-Meer curves for time to 
neutrophil and platelet engraftment were statistically different based 
on the log-rank test (more rapid time to engraflment in ths control 


3 

group). Neutrophil engraftment was defined as the first of three 
consecutive days where ANC > SOfVpL; platelet engreftmem was 
defined as the first of three consecutive days where platelets ;> 
20,00G/pL without transfusion support 

The 95% confidence Interval for the differenoe between the median 
time to recovery for unprocessed and tsolex-processad groups 
indicate that there Is a potential to to 1 X> day detey In median time to 
neutrophil and a 1.0 to 3.0 days delay In median time to platelet 
engraftment for patients in me leotax-proeessed arm. 
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Post-transplant parameters did not show significant differences 
between the two study arms wtth regard to days of hospitalization, 
days of antibiotic therapy and platelet transfusion support required. 
The difference In the requirement for red blood cell transfusions In the 
Isolex arm (meefan of 5.2 RBC units transfused/pxtient) vs. the 
unprocessed arm {median of 4.4 RBC unitfpatient) wes significant (d 
- 0.04). 

Platelet engraftment (2 20,000/pl) was not documented for one 
patient who.teed of progressive disease at day 200 posMransptant. 

Limited date are available regarding hematopoietic function at one 
year post-transplant. All patients In the unprocessed group with one 
year date (n . 34) had ANC ^ 1 ,000/iiL, while 2 of 26 patients In the 
teotex-processed group had ANC < 1 .OOCVpL at one year. Both patients 
achieved ANC > 1,500ftil by 15 months post-transplant; one had 
received unmanipulated PBPC 10 days post-transplant doe to 
Infection. All patients In the unprocessed group with one year date had 
£ 50,000 plMetets^L at one year (n = 39), while 4 of 31 pattents in 
the Isolex-processed group did not None of these patients required 
platelet transfusions. 

U*ff Term fwf/ov-ap 

There was no significant difference In the proportion of patients with 
infection of any severity (56% of unprocessed vs. 67% of Isolex- 
processed patients) durino thefiraiyear posMransptanL However, the 
proportion wfth moderate or severe infections (33% vs. 53%) in (he 
first year post-transplant was higher in the Isota arm (p » 0.03). Only 
one patient was reported with We threatening infections; this was a 
control patient who received ureeleeted PBPC. Laboratory studies to 
assess the adequacy of tale immune reconstitution were not 
performed. 

The Kipbn-Meter estimates of the median time to progression were 
430 days and 398 days In the Isolex and unprocessed arms 
respectively. The 1-year mortality rates were 18% and 11%, for the 
Isolex and control arms, respectively, The median survival had not 
been reached. 




PUG 09 ’99 17=39 FR NEXELL THERPPEUTICS 949 588 7570 TO 7196040 


P.04 




] DEVICE PERFORMANCE 
{ Companion b 1 Enriched CD34* C«1l Products 

’ ■ Processing of mobilized autologous apheresis products from patients 
o reduced the total number of C03+ and C019+ cells by greater than 

U 1,000-fold and 100-fold, respectively, as assessed by 

;! Immunofluorescence. Devtoe performance parameters obtained from 
{ apheresis samples used In the study conducted In patients with breast 
cancer are summarized in Table 2. The madren C034+ cell recovery 
.* (yield) was similar for the two devices, 45% (30%-64%, and 75* 

; percentiles. n*50) end 54% (37%-68%, 25® and 75 n percentiles, 
'< rt=B2) for Isotax 300 and Isolex 30CS, respectively. The median 
i proportion of CD34+ cells In the processed product (purity) was 90% 
i (80%-96%, 25® and 75® percentiles. rt=50. Isolex 300 and 60%-95%. 

25* and 75* percentiles, n-B2, Isol&x 3001) for both device 
■\ configurations. 
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Tbmor Depletion 

Depletion of breast tumor celts lias been Quantitated using 
immunocytochemical assays. In eight a phoresis products which had 
been spiked wtth breast cancer tumor cell imas. tumor cells were 
reduced > 2,000-fold. 

In products from patients with non-Hodgkin's lymphoma and chronic 
lymphocytic leutemis, tumor depletion was assessed using 
immunofluorescence essays to identify lymphoma or leukemia cells 
based on the co-expression of B-cel markers (e.g.. CQ5/CD19) and/or 
the exclusive expression of lappa or lambda tight chains*”, in the 
twenty procedures with quantitative resells, tumor cells wore depleted 
by greater than 200-fold, and in eleven by greater than 1,OQO-foid. 

Tumor cells from patients whh multi pie myeloma were Identified by 
the high level expression of CD38 using an Immunofluorescence 
assay. In a retrospective analysis of twenty-six quantitative 
procedures, CD3B bright cells were depleted by 64- to greater than 
30,00(Hold (mean 4,604-fold), Twenty-one of twenty-six procedures 
resulted in a greater than 200-lold reduction. 

The impact of tumor cell depletion on progression-free and overall 
survival has not been established in randomized prospective studies. 


CONTRAINDICATIONS 

The usa of the isolex System is contraindicated In patients whose 
tumors express the CD34 antigen. 

Isolex-prooesslng is not Indicated for use with previously 
cryopreserved and lhawnd PBPC products. CD34+ cell recovery and 
viability can be significantly decreased after Isolex-ptocasslna with 
cryopreserved cell products. 

WARNINGS 

The safety of isotex-processinp in patients wtth unsuccessful stem 
cell mobilization (a circulating C034+ can number of < 20/pl or with 
< 5 x IP 0034^ cells/kg In the apheresls products prior to selection, 
has not been fully studied, thus, is not esteblished. 

it is recommended that sufficient apheresis product be harvested to 
provide fe 2 x IP CD34* cetis/kg of patient body weight after selection 
(see discussion of cell recovery in DEVICE PERFORMANCE). Failure 
to Infuse on adequate number of CD34+ cells oen result In delayed 
engrafbnem of neutrophils and platelets 1 , and potentially engraftment 
failure. 

The recommended CD34+ dose has not been prospectively validated. 
Further, since CO344 cell measurements hive been shown to vary 
widely, the value should not be considered to be definitive. 

If at any time me user believes that the cells necessary for 
engraftment remain In the non-arget fraction, the non-target fraction 
may be collected using aseptic techniques and cryopreserved. (see 
Chapter 4 for the Isolex 300 System and Chapter 6 for the Isolex 3001 
System for specific details (or collecting non-target fractions.) 

Handling, processing, or storing ceB products under conditions which 
deviate from the procedures which are specified In the Operator s 
Manual requires validation to ensure that such morfffcotions will not 
result in inadequate C034+eefl yWd and/or purity. R Is essential that 
routine training of all users occur at the time that device placement Is 
performed. 

Performance failures were reported at a rate of approximately 0,3% 
between 1995 and 1999. Performance failures may be caused by poor 
quafity apheresls products or not adhering to (he Instructions for use. 
Therefore, ft Is Important to follow the instructions ter use In the 
Operator's Manual tor the Isolex devtoe and the manufacturer's 
recommended Instructions for tree of the collection devtoe (epheresis 
product). 

Exc es si ve cell dumping In the epheresis product has been associated 
with unsatisfactory devtoe performance (performance (allures). 
Procedure: or conditions which promote dumping should be 
avoided. Although the causality has not been Investigated, the 
following situations hive been observed In association with clumping 
and performance failure: processing of cryopreserved apheresis 
product (previously frozen and thawed); low celt viability (<90% 
viability) In the apheresis product prior to processing; elevated platelet 
count in the apheresls product; and elevated paraprotein level In the 
apheresls product. 

PRECAUTIONS 

Potential risks related to additional Isolex processing include the risk 
of infusion of bacterially contaminated cells that may cause Infection 
(see ADVERSE EVENTS; Ceff Product Sterility. Use aseptic 
techniques for all procedures. All selected products should be 
evaluated for microbial contamination prior to ralnfuslon. 
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There is the potential tor Infusion of fordon proteins which are 
residual process components, which may evoke an immune response 
(see ADVERSE EVENTS; Human Anti-Mouse Antibody (HAMA) / 
Human A/rtWfteep Antibody (NASA) Response), 

The tsofex Reagent Ktt and disposable sets era intended for single use 
only. Oo not reuse components. Tne fluid pathways of the disposable 
sets are sterile and ncnpyrogenJc. Oo not use H peckaoe Integrity is 
compromised. 

Treat all Wood products as though thoy contain »n infectious agent. 
Follow institutional guidelines regarding the handling of infedious 
agents. Dispose of afl materials usod in this procedure as 
biohazardous waste. 

ADVERSE EVENTS 
Enpraftmont Daisy 

Seventeen (22%) of the patterns in the IsWex-procetsed arms had 
< 2 x 10* CD34+ oell&fcg in the selected product Five of tease 
seventeen patients received unsetocted (back-up) cells to provide a 
total dose *2 x i(*C03d* ceftefltg. The remaining twelve received a 
total dose <2x10* CD34+ cefls/kg (selected cells), and their median 
ten* to neutrophil engrvftment was not significantly different from the 
median time for tee 63 patients In tee Isdexarm who received £2 x 
10* CD34 + cells/kg (11 and 10 days, respectively). However, tee 
median time to platelet engraftment was significantly delayed for 
patterns in tee tsotsx arm who received < 2 x Iff C034* cdls/kg 
compared to those who received a 2 x 1(P C034t cells/kg (14 and 12 
days, respective^). No patients In te> unprocessed group received 
fewer than. 2 x Hr CD34+ cells/kg. 

Impaired HamatopoioVe BBtonsffMfo* 

There were 5 patients in tee Iso lex-processed arm with evidence of 
Impaired hematopoietic reconstitution as assessed by Wood counts at 
one year post-transplant Two of 26 subjects had an ANC < 1.000/pL 
and 4 of 31 subjects had platelets < 50.000/pL at one year post- 
trens plant one of these subjects had Impairment of both platelet and 
neutrophil reconstitution. (See CLINICAL STUDIES.) An additional 
subject died at day 200 post-transplant without evidence of platelet 
engraftment 

OAsrAdmmo fonts 

There were limited date coleeted regarding Infusion-related adverse 
events. There were no reports of serious Infusion-related adverse 
events In patients who received unprocessed PBPC or those who 
received teolsx-procassBd PBPC. 

Coll Product StariJfy 

Sterility was assessed for products collected In the randomized study 
and Nexetl sponsored Phase 1 and II studies 1 " 1 . Aliquots were cultured 
for aerobic and anaerobic pathogens. There were 281 Isolex 300- 
processed PBPC products cultured; of these, 1 product grew gram 
negative rods on culture. There were 186 Isoiex SOOI-processed PBPC 
products cultured of which 2, from different patients, were positive for 
P/ophnobactonum. There rare no reports of clinical Infections 
related to these infusions, although It should be noted teat patients 
were receiving prophylactic antibiotics. 

Human Anti-Mouse Antibody (HAMA) / Hunan AntrSheep Antibody 
(HASA) Response 

A theoretical risk is teat of infusing residual process components. 
Residual murine or sheep antibody may evoke an immune response; 
anaphylactic reactions may occur In patients with hypersensitivity to 
products of murine or sheep origin, 


7 

Serum samples were tasted for the presence of human antibodies to 
murine (HAMA) or sheep (HASA) antibody. Serum samples from 
patients who receh/ed Isotex-processed PBPC were negative for 
HAMA (n = 15) and ware negtfve for HASA (n ■ 13) following 
Infusion. There wore no reports of anaphylactic reactions In patients 
who received Isotex-processed products. 

INSTRUCTIONS FOR USE 

(Rater to Ore Operators Maml applied wHh Ore lain Magnetic 
Cad Matters ter Detailed Instruction! For Use) 

The system components, sample preparation procedure end 
Instrument set-up depend on the specific tsotex System used. The 
Operator's Manual Includes a detaBed list of equipment and materials 
provided end required (see Chapter 4 for the Isotex 300 System; see 
Chapter 8 lor tee Isotex 3001 System). The Operator's Manual also 
Includes Instructions for equipment and materials required, as well as 
preparation of solutions and ontptas. It Is Important to refer to the 
appropriate Isotex 300 or isolsx 300i Operator's Manual before 
proceeding. 

The starting product for both Isolax Systems Is a mobilized 
autologous peripheral Wood progenitor cod product coltected by 
aphereels. When the Isoiex 300 System Is used, some early 
processing steps are performed manually prior to selection, and the 
CD34+ cells are washed and concentrated manually after selection 
(see Isotex 300 Operator^ Manual). 

Mowing selection with either system, an aliquot should be obtained 
for microbial ad other testing, and tee CD34+ cefl product should be 
frozen for later use (see Operator's Manual for details). 

STORAGE 

The Reagent Kit should be stored refrigerated (2 - 8*C) prior to use. 
Do not freeze. 
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Bajfter Healthcare Corporation 
Attention: Donald A. Baker, Ph.D. 

Director, Regulatory Affairs 
1720 Flower Avenue 
Duarte, CA 91010 

Dear Dr. Baker: 

We have reviewed your Investigational Device Exemotion (IDE) for 
"Stem Cell Selection System (isolex 300, Baxter)," g-csf (Amgen), 
Autologous. Peripheral Blood Stem Cells (CD34+ Subset), and 
Chemotherapy," and your study may proceed; however, we have the 
following comments and requests for additional information: 

1. The patients' tumor cells should be screened for the 
presence of CD34 antigen. Although CD34 has been reported 
to be expressed by very limited number of tumor cells 
including ALL and AML, no data have been provided to show 
that this antigen is absent on Reed-Sternberg cells of 
Hodgkin's Disease or on B lymphoma cells. Please provide 
these data. 

2. We have noted a low level of mouse and sheep immunoglobulin 
•in the final cellular product. To assess whether this low 
level is biologically significant, please assess patients 
receiving PBSC pre and post-treatment for antibodies to 
mouse immunoglobulins and sheep immunoglobulins. 

3. In view of the anaphylactoid responses associated with 
chymopapain, please describe the prophylactic measures that 
will be taken prior to administration of the PBSC. 

4. The protocol states that additional apheresis procedures* 
will be performed if the target cell collection endpoint, is 
not- reached after three daily leukapheresis [Section 6.7". 4 ]. 
Please state the failure parameters which will disqualify a* 
patient-from the study if the minimum collection is notrmet. 

5. Please provide a reference or description of prior studies 
with the BEAM regimen* which was used to estimate mean time 
of ANC recovery of 18 days for. the control group. 

6. Please describe the hospital discharge criteria that will be 
followed at the study site. 

Please clarify how you plan to measure days to unmaintained 
platelet recovery > 20,000. 


7. 
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8. Will a statistical comparison be made between cycle l and 
cycle 2? 

9. The proposed clinical trial is not adequate to support 
licensure of the device for this indication. An adequate 
trial design would require three arms (G-CSF alone, G-CSF 
plus peripheral blood stem cell support, and G-CSF plus.CD34 
positive-enriched peripheral blood stem cells) and would 
require long-term follow-up to assess the impact•on-relapse 
rates, in addition to other safety parameters. Such a trial 
should also demonstrate the clinical benefit of stem cell 
support over growth factor support alone and the benefit of 
CD34- positive-enriched peripheral blood stem cell suonort 
over unselected peripheral blood, stein cells by clinical 
parameters. 

If you have any questions, please contact Ms. Debra Beitzell at 

301-594-3111. 



Janet Woodcock, M.D. 

Director 

Office of Therapeutics Research 
and Review 

Center for Biologies Evaluation 
and Research 


** TOTAL PAGE.05 ** 
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Michael J.' Griffith, Ph.D. 
Baxter Healthcare corporation, 
Hyland Division 
550 North Brand Boulevard 
Glendale, California 91203 


Re: Letter of Designation for 

Neuroblastoma Bone Marrow Purcrind System 
Our file/# RFD-92-1 


Dear Dr. Griffith: 

By letter dated January 23, 1992, the Food and Drug 

Adminis Uzation informed you that the above-referenced request for 
designation was filed on January 21, 1992, and that the deadline for 
, making the product jurisdiction determination is March 23, 1992. 

After conferring with the two affected Centers, X agree with your 
recommendation and have determined, as provided for under 21. C.F.R. 
3.8, that the Center for Biologies Evaluation and Research (CBER) is 
the agency component designated to have primary jurisdiction for the 
premarket review and regulation of the Neuroblastoma. Bone. Marrow 
Purging System.- eBER advises that your product will be regulated 
under the Medical Device Authorities of the FD&C Act. CBER will 
consult with, the Center for Devices and Radiological Health (CDRH) 
during the review of this product. You should submit a copy of: this 
letter with your-initial application submission to.CBER. 

Your contact, person in CBER for questions on the'premarket: review 
and regulation offyour-proposed product is.Dr. Curtis Scribner:, Chief, 
Hematologic: Products Branch; Division of'Biological Investigational 
New Drug's, CBER, HFE- 230 , 7500 Standish Place #250N, Rockville, 

Maryland. 20855, (301) 295—8410. CBER strongly encourages you.- to. 

request a pre-submission meeting with. Dr. Scribner, and..other CBER 
staff. This. will. facilitate your- understanding of T the naturer off the 
review, including those areas in which CBER will consult, with: CD8H. 


t 
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If you have any other questions regarding this matter, please do 
not hesitate to telephone me at (301) 443~»1306. 

Sincerely yours, 


Amanda B. Pedersen 
Product Jurisdiction Officer 





JOURNAL OF HEMATOTHERAPY 7:375-383 (1998) 
Mary Ann Liebert, Inc. 



A Comparison of Two Different Systems for CD34+ 
Selection of Autologous or Allogeneic PBSC Collections 


CJ. STAINER, 1 G. MIFLIN, 1 * 2 S. ANDERSON, 1 B. DAVY, 1 LG. McQUAKER, 1 

and N.H. RUSSELL 1 * 2 


ABSTRACT 

This study compared CD34 selection procedures using the CellPro CEPRATE® and the Baxter Isolex 
300i® systems. Thirty-two procedures were performed, 19 CEPRATE and 13 Isolex. Median start¬ 
ing CD34 percentages were (CEPRATE/Isolex) 0.80% (range 0.24%-7.73%) and 0.85% (range 
0.27%-10.i7%), respectively (p = 0.788). After selection, there was a highly significant difference 
in purity of the product (CEPRATE/Isolex), 54% and 82% respectively (p < 0.0001). There was no 
significant difference in median recovery (CEPRATE/Isolex), 43% and 50%, respectively (p = 
0-383). The starting CD34 percentage influenced the purity of the final product, and at high and 
low starting percentages, the Isolex produced superior purity. Improved efficacy of T cell depletion 
was observed with the Isolex, a median log depletion of 3.4 compared with 2.9 for the CEPRATE 
system (p = 0.012). In conclusion, the Isolex 300i produced a significantly higher purity CD34+ 
fraction, even at starting CD34+ levels of <0.5%, with no significant difference in recovery when 
compared with the CEPRATE system. The associated log T cell depletion is significantly improved 
with the Isolex system, with possible implications for use in CD34-selected allogeneic transplants. 


INTRODUCTION 

I n the last decade there has been extensive interest, 
in both the clinical and research fields, in mechanisms 
for the isolation and characterization of hematopoietic 
progenitors. The CD34 antigen is a trans-membrane gly¬ 
coprotein that is expressed on normal hematopoietic cells, 
l%-3% of BM mononuclear cells (MC) (1), and 0.1% 
of normal PBMC (2). Numerous antibodies have been 
developed against various epitopes of this antigen, for ex¬ 
ample, 12.8, MylO, 9C5, and these have been assigned 
to the CD34 cluster. Cells within the CD34+ fraction are 
able to reconstitute normal hematopoiesis following 
myeloblative chemotherapy (3). Consequently, the CD34 
antigen has been the target for use in purification sys¬ 
tems to isolate these cells, particularly as it does not ap¬ 


pear to be expressed on malignant cells, with the excep¬ 
tion of acute leukemias. Vescio et al. (4) found no coex¬ 
pression on malignant cells in multiple myeloma patients, 
and Berenson et al. (5) analyzed 36 NHL tumor samples 
and found no expression of CD34. These diseases are a 
good target for CD34+ selection, as both BM and PB 
are frequently contaminated by tumor cells. 

Although mobilized PBSC may contain fewer conta¬ 
minating tumor cells than BM (3,6,7), there are reports 
that tumor cells are comobilized with progenitor cells (8), 
and a high percentage of low-grade NHL is reported to 
have PCR-positive leukapheresis products (9-11). Fur¬ 
thermore, analysis of NHL patients undergoing high-dose 
chemotherapy found that those receiving successfully 
purged BM had a low relapse risk after transplant. Craig 
et al. (12) reported similar findings in patients diagnosed 
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CD3/CDI9 or 5 p\ IgGi FITC/IgGi PE irrelevant anti¬ 
body in 895 pi of PBS containing 5% BSA. All anti¬ 
bodies were purchased from Becton Dickinson. The cells 
were washed once with PBS containing 0.01% sodium 
azide (Sigma). Red cell lysis was performed using 10% 
FACSlyse (Becton Dickinson), and 1 ml was added to 
the cell pellet and incubated in the dark for 10 min at am¬ 
bient temperature. The cells were then washed twice and 
resuspended to approximately 1 X 10 6 cells in 0.01% 
PBS azide. 

CD34 analysis was performed using Lysis II software 
for the FACScan and Cellquest for the FACSCalibur. Us¬ 
ing an FL1 versus SSC plot of the CD45-labeled cells, 
the leukocytes were gated, and 50,000 events were ac¬ 
quired from each tube. The number of CD34+ events 
was determined using an FL2 versus SSC plot and by 
drawing a region on the FL2+ population with low side 
scatter characteristics (24). In more recent cases, the 
ISHAGE CD34 analysis guidelines were used, and this is 
now our preferred analysis strategy (25). This method 
avoids overestimation of the CD34 population due to 
non-specific binding of the HPCA-2 antibody to platelets 
and debris. However, we have performed a correlation 
analysis for these two methods and found a strong cor¬ 
relation (r = 0.98, p = .0.0001), suggesting that they are 
in agreement for this set of samples and do not bias the 
results of either system. T cell number was assessed us¬ 
ing the same software but a lymphocyte gating strategy. 
A gate was drawn around the lymphocyte population, and 
10,000 events within this region were collected. The T 
cell number was determined by multiplying the total 
WBC count X 10 8 /kg by the percentage lymphocytes, 
then the percentage T cells as determined by drawing 
quadrant regions on the FL1 versus FL2 dotplot. In all 
analyses, the control percentage was subtracted from the 
test for the final result reported. 

Cellpro CEPRATE CD34 selection procedure 

The manufacturer’s recommended instructions were 
followed. Briefly, the initial step was a platelet wash of 
the pooled or single product, which was divided between 
two 600-ml transfer packs (Baxter-Fenwal, Deerfield, IL) 
and diluted in 500 ml of sterile PBS (Gibco, Paisley, Scot¬ 
land). The bags were centrifuged at 500g for 15 min at 
ambient temperature in a Centra GP8 centrifuge with no 
brake applied. This was concentrated to a 150-ml cell 
suspension in PBS containing 0.1% HSA. Biotinylated 
12.8 monoclonal anti-CD34 antibody (3 ml) was incu¬ 
bated with the cells for 30 min at ambient temperature. 
The washing step was repeated to remove unbound anti¬ 
body. Then cells were resuspended to a final volume of 
300 ml in PBS containing 0.1% HSA and connected to 
the CEPRATE device. The cells are first filtered through 
a 40 pm Pall filter and pass through the column to the 


avidin-coated polyacrylamide beads, where the biotin 
moiety of the CD34-labeled cells is captured. The un¬ 
bound fraction passes through, and the CD34+ cells (the 
adsorbed fraction) are released by gentle mechanical ag¬ 
itation of the beads. The enriched progenitors are col¬ 
lected into approximately a 90 ml volume. 

Baxter Isolex 300i CD34 selection system 

The manufacturer’s recommended instructions were 
followed. Briefly, sterile buffer of PBS containing 0.4% 
sodium citrate (Baxter) and 1% HSA was prepared. The 
single or pooled collections were made up to a minimum 
volume of 250 ml with the buffer. Gammaguard (10 ml) 
(Baxter) was added and incubated with the cells for 15 
min at ambient temperature. During this time, the cells 
were filtered through a 200-pm blood filter and collected 
into a 600-ml transfer bag (Baxter). The cells were con¬ 
nected to the sterile disposable set and the automated pro¬ 
cedure started with a platelet wash. The platelets were re¬ 
moved when the starting product was transferred to the 
spinning membrane component of the system. The pore 
size is such that the MNC were retained and the platelets 
passed through to be collected into waste bag 1. The rest 
of the negative fraction was collected into waste bag two. 
The washed cells were then incubated with the 2.5 mg 
of 9C5 IgGi monoclonal anti-CD34 antibody for 30 min 
at ambient temperature. Unbound antibody was washed 
away, and the antibody-coated cells were mixed with 
sheep antimouse IgGi-coated magnetic Dynabeads® 
M450 under slow rotation for 30 min. After magnetic 
separation of the bead-rosetted CD34+ complex, the 
beads were released by incubation with the peptide-re- 
leasing agent (PR34). The purified product was then 
washed and concentrated to 100 ml and transferred to a 
final collection bag. 

Statistical analysis 

The median values of the parameters analyzed were 
compared using the Mann-Whitney U-test using SPSS 7.0 
for Windows (SPSS Inc., Chicago, EL). All graphs were 
generated using Microsoft Excel for Windows version 3.1. 
A p value of <0.05 was considered to be significant. 


RESULTS 

Recovery and purity of CD34+ cells 

A total of 31 patients underwent a total of 32 CD34 
selection procedures (Table 1). The CEPRATE system 
was used for 2 allogeneic and 17 autologous procedures, 
and the Isolex 300i was used for 2 allogeneic and 11 au¬ 
tologous procedures. One patient with Wegener’s gran- 
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FIG. 2. Comparison of the starting CD34+ percentage with percentage purity of selected cells using the Baxter Isolex 300i 
system. 



FIG. 3. Comparison of the starting CD34+ percentage with recovery of CD34+ cells using the CellPro CEPRATE system. 
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DISCUSSION 

The purpose of this study was to compare our experi¬ 
ence with the semiautomated CellPro CEPRATE selec¬ 
tion system with the automated Baxter Isolex 300i se¬ 
lection system. Our aim of infusing > 1 X 10 6 /kg 
CD34+ cells was achieved in 75% of cases. However, 
in our experience, engraftment has been achieved with 
lower numbers of CD344* cells, down to 0.85 X 10 6 /kg, 
although platelet recovery may be delayed (11). Our ma¬ 
jor finding was a highly significant difference in median 
purity of the selected cells achieved with the two systems 
{p < 0.0001). Using the Baxter Isolex 300i, the median 
purity we achieved was 82%, similar to previously re¬ 
ported results, which are in the range of 83%-98% pu¬ 
rity (Table 3). The median purity using the CEPRATE 
system was 54%, comparable to that previously reported, 
which has ranged between 42% and 77% (Table 3). The 
purity of the selected product was significantly correlated 
with the starting CD34 percentage for both systems 
(CEPRATE, r = 0.54; Isolex, 300i r = 0.71), which is in 
agreement with the findings of others (30). 

Across the range of starting CD34 percentages, how¬ 
ever, the final product contained a higher purity using the 
Isolex 300i. As a consequence, the Isolex 300i resulted 
in significantly superior depletion of T cells. Using the 
CEPRATE system, a median 2.9 log T cell depletion was 
achieved, compared to a median of 3.4 using the Isolex 
300i (p = 0.012). A previously reported T cell depletion 
of 3.97 logs has been demonstrated by To et al. (31) us¬ 
ing the Isolex 300SA, and Clarke et al. (32) reported 2-3 
log T cell depletion when using the CEPRATE system. 
In the small number of CD344- selection procedures from 
normal donors that we performed, the T cell number in¬ 
fused was 10 5 /kg for the Isolex 300i and 10 6 /kg for the 
CEPRATE system. However, we analyzed T cell deple¬ 
tion in a total of 23 patients, and when the procedures 
were standardized for the number of CD3+ cells infused 
into a 70-kg recipient, a similar result was obtained 
(Isolex, 300i 3.7 X lCfVkg, compared with 1.4 X K^/kg 
for the CEPRATE system). These differences, although 
small, could have major implications in the results of 
CD344- selected allogeneic PBSC transplants, as a T cell 
dose of <10 5 /kg is considered necessary to avoid signif¬ 
icant GvHD in the setting of fully matched transplants 
(33), and a lower dose of 4 X K^/kg is necessary for hap- 
loidentical transplants (34). 

We found no significant difference in the recovery of 
CD34+ cells, which was 43% and 50% for the 
CEPRATE and Isolex 300i systems, respectively {p — 
0.383). Furthermore, we found no improvement in re¬ 
covery with increasing starting CD34+ percentages 
when using either system (CEPRATE, r = 0.13; Isolex 
300i, r = 0.25), suggesting a limited capacity for these 
devices. Hohaus et al. have reported an inverse relation¬ 


ship between starting CD34+ percentage and recovery 
when using the Isolex 300SA (17). These limitations may 
be partially explained by findings of a study by Farley et 
al., which optimized bead/target CD34-I- cell ratio for use 
with Isolex 300SA (16). They found that, using a high 
bead/target cell ratio (500:1), recovery was good 
(70.1% ± 13.5%), but purity was lower (61.7% ± 
12.4%), and the reverse was true at a low bead/target cell 
ratio (1:1), where recovery dropped to <20% and purity 
peaked at >70%. Assessment of the recovery of CD34+ 
stem cells is critically dependent on an accurate deter¬ 
mination of the starting CD34+ number. As preselection 
leukapheresis products often have low CD34+ percent¬ 
ages and an assessment of these rare events has been re¬ 
ported to be associated with a potential high variability 
of 10% (14), interpretation of recovery results can be mis¬ 
leading unless accurate gating strategies, such as the 
ISHAGE guidelines, are followed, as for this study. 

One of the major advantages of the Isolex 300i is that 
it incorporates an automated cell-washing step both be¬ 
fore and after incubation with the antibody. The signifi¬ 
cance of a good platelet wash before incubation with an¬ 
tibody is unclear. Watts et al. (30) compared a no-wash 
method with a wash method prior to incubation with the 
CD34 antibody using the CellPro system and reported no 
significance difference in CD34+ cell yield and purity. 
However, all of their purification procedures were per¬ 
formed on the same day as collection. In our study, the 
majority of procedures required two leukaphereses to be 
pooled, with the first collection being stored overnight at 
4°C. It is possible that formation of platelet aggregates, 
which may occur with overnight storage, may be signif¬ 
icant in compromising the recovery of CD34+ cells, par¬ 
ticularly in the allogeneic setting, where the platelet num¬ 
ber in leukapheresis products is high. A comparative 
study is required, but a superior platelet wash before an¬ 
tibody incubation could be significant in improving re¬ 
covery when using samples for selection that have been 
stored overnight. 

Analysis of Figures 1 and 3, showing CellPro purity 
and recovery, respectively, in relation to the starting 
CD34 percentage, indicates that there are two populations 
clustering above and below the fitted line. These were 
further studied in an attempt to explain why products of 
a similar starting CD34 percentage do not consistently 
achieve an acceptable recovery and purity. We consid¬ 
ered assessing whether the initial nucleated cell count and 
the residual platelets after washing were factors that may 
limit the capacity of the CellPro device. In the majority 
of products with low purity (4 of 7) or low recovery (5 
of 9), the product had greater than the median initial nu¬ 
cleated cell count. Although a controlled test has not been 
performed in our laboratory, it may be advantageous to 
use an extra vial of antibody to improve recovery and pu¬ 
rity by increasing antibody/target cell ratio in cases where 
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ABSTRACT 

Six patients who were to undergo autologous PBSC transplantation with positively selected CD34+ 
cells were included in this study to compare the efficiency of two devices for clinical grade stem cell 
selection, the Isolex 300i® (Baxter, Munich, Germany) and CEPRATE® SC (CellPro, Bothell, WA). 
PBSC were mobilized by chemotherapy and G-CSF and were collected by leukapheresis on a CS3000 
cell separator on 2 consecutive days. The two apheresis products were pooled for CD34 selection. 
The pooled apheresis products from each patient were divided into two equal portions to be sepa¬ 
rated on each of the two devices. Cell selection was performed according to the manufacturers’ in¬ 
structions. Enumeration of CD34+ cells was performed by flow cytometry using the HPCA-2 MAb. 
Purity and yield were significantly better with Isolex than with CEPRATE. Median purity was 
93.0% (range 80%-98%) for Isolex and 61.5% (range 27%-72%) for CEPRATE (p = 0.03); me¬ 
dian yields for Isolex and for CEPRATE were 48.0% (range 18%-73%) and 23.0% (range 
17%-29%), respectively (p = 0.03). The number of CD34+ cells/kg body weight was also signifi¬ 
cantly higher with Isolex (median 3.8 x 10 6 , range 1.7—5.2) compared with CEPRATE (median 
235 x 10 6 , range 0.7-4.3) (p = 0.03). Thus, the Isolex 300i device gave products of higher purity 
and recovered a higher proportion of the CD34 + cells in the harvest before separation. The yield 
was still poor with both devices, however, and further optimization of the technique for clinical 
grade stem cell selection is warranted. 


INTRODUCTION 

H igh dose chemotherapy radiotherapy with autol¬ 
ogous PBSC transplantation has gained wide ap¬ 
plicability in the treatment of malignant hematologic dis¬ 
eases as well as solid tumors. It has been readily 
demonstrated that both autologous bone marrow and 
PBSC grafts are frequently contaminated with tumor cells 
(1-3) and that such contaminating cells can contribute to 
relapse after autologous transplantation (4). These find¬ 
ings form the theoretical basis for the necessity of purg¬ 
ing to eliminate or reduce the number of clonal tumor 
cells in the autograft. One way to do this is by trans¬ 


plantation of isolated hematopoietic progenitor cells of 
the CD34 + phenotype. CD34 + cells are selected in vitro 
by MAb, using different techniques. The most commonly 
used methods are antibodies bound to magnetic beads 
(5-7) and adsorption of biotinylated antibodies to avidin 
particles (8). Clinical grade devices for large-scale cell 
processing have been developed and used in clinical set¬ 
tings (9,10). These selection devices are to various de¬ 
grees associated with certain problems, particularly pro¬ 
cedure-related cell loss and the CD34+ cell purity of the 
selected product. The various devices have been com¬ 
pared only on a laboratory scale basis (11). 

The purpose of this study was to compare two clinical 
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grade CD34+ cell selection devices, CEPRATE® SC 
(CellPro, Bothell, WA), based on avidin-biotin im- 
munoadsorption, and Isolex 300i® (Baxter, Munich, Ger¬ 
many), based on labeling with immunomagnetic beads, 
in a clinical transplant setting with respect to purity and 
ceil yield in the CD34 + -selected PBSC products. Our re¬ 
sults show that the products run in the Isolex device had 
a significantly higher purity of CD34 + cells and a sig¬ 
nificantly higher yield as compared with the CEPRATE 
device. 


MATERIALS AND METHODS 

PBSC were mobilized by chemotherapy and G-CSF in 
6 patients, 2 with multiple myeloma, 2 with breast can¬ 
cer, and 2 with ALL, who were to undergo autologous 
PBSC transplantation. The cells were collected in blood 
bags (Baxter Fenwal, Munich, Germany) by leukaphere- 
sis using a Baxter CS3000 continuous flow cell separa¬ 
tor (Baxter Fenwal) on 2 consecutive days. The aphere- 
sis product collected on day 1 was diluted in an equal 
volume (1:1) of autologous plasma and stored overnight 
at 4°C. On the second day, the apheresis products from 
days 1 and 2 were pooled, and one platelet wash was per¬ 
formed as follows. The pooled product was divided into 
two blood bags, each diluted with PBS to 500 ml. The 
bags were centrifuged (1800 rpm for 10 min), and the su¬ 
pernatant was discarded. The cells were then diluted in 
PBS to 300 ml and divided into two equal portions to be 
separated on each of the two devices. Cells were counted 
after vital staining with trypan blue. Samples for flow cy¬ 
tometric analysis were collected. 

CD34 + cell selection 

Cell separation on the two devices was performed ac¬ 
cording to the manufacturers’ instructions, briefly sum¬ 
marized as follows. 

CEPRATE SC. The 150 ml cell suspension was diluted 
with 0.75 ml of 20% HSA (Pharmacia, Uppsala, Swe¬ 
den), followed by the addition of 3.0 ml of the biotiny¬ 
lated anti-CD34 IgM MAb 12.8. The mixture was incu¬ 
bated for 30 min at ambient temperature, with one gentle 
mixing after 10 min. After incubation, the cells were 
washed in 500 ml PBS, centrifugated, and resuspended 
in 300 ml PBS. The bag containing the cell-MAb mix¬ 
ture was then mounted to the CEPRATE SC device, and 
the CD34 + MAb-bound cells were automatically se¬ 
lected by being trapped in a column with polyacrylamide 
beads coated with avidin. After washing, the positive 
cells were released mechanically with a rotating pro¬ 
peller, and the CD34+ product was collected in a 100 ml 
bag. 

Isolex 300i . The cells were diluted with DPBS (PBS 


with sodium citrate 12% and HSA \%) to 300 ml. Hu¬ 
man immunoglobulin (Gammagard, Baxter) 500 mg was 
added, and the cell suspension was filtered through a 200 
/xm filter (Codan Medizinische Gerate GmbH & Co KG, 
Lensahn, Germany) before mounting the cell bag to the 
Isolex 300i device. The following selection procedure 
was fully automated and run according to the manual. 
The cells were labeled with 9C5 anti-CD34 IgG MAb for 
15 min, followed by the addition of a secondary anti¬ 
mouse IgGl MAb conjugated to sterile paramagnetic mi¬ 
crobeads (Dynabeads, Dynal, Oslo, Norway), and incu¬ 
bated for 30 min. The CD34 + cells bound to the 
MAb-magnetic bead complex were then trapped with a 
magnet. A competitive peptide was added to the CD34 + 
cell fraction to release the beads from the cells, and fi¬ 
nally the product was collected in a 100 ml bag. 

For both devices, samples for flow cytometric analy¬ 
sis and vital cell enumeration were collected from the 100 
ml CD34 + cell products. Thereafter, the 100 ml cell frac¬ 
tions from both devices were concentrated to a volume 
of 4.5 ml by centrifugation, followed by cyropreserva- 
tion. CD34 + cell enumeration was also performed on the 
concentrated cell fraction before cryopreservation. 

Flow cytometry 

Enumeration of CD34+ cells was done essentially ac¬ 
cording to the recommendations of the Nordic Stem Cell 
Laboratory Group (12,13). 

Sample Preparation. Aliquots of 50 pi (containing up 
to 1 X 10 6 cells) from the initial leukapheresis product, 
the CD34 + , and the CD34 - fractions were stained with 
the HPCA-2 anti-CD34 antibody (clone 8G12) (Becton 
Dickinson Immunocytometry Systems, San Jose, CA). In 
separate tubes, cells were stained with PE-conjugated 
HPCA-2 and FITC-conjugated HPCA-2, respectively. In 
addition, cells were stained with CD45-FITC and CD 14- 
PE as well as with negative isotype control antibody 
(Becton Dickinson). After the addition of 20 /il antibody, 
the samples were incubated for 30 min at ambient tem¬ 
perature in the dark. After staining, erythrocytes were 
lysed for 10 min at ambient temperature in a fixative-free 
lysing reagent (8.29 g ammonium chloride, 1 g potas¬ 
sium bicarbonate, and 0.037 g ethylenediaminetetracetate 
in 1 L deionized water). The cells were then washed twice 
in PBS + 0.5% BSA -f sodium azide before flow cyto¬ 
metric analysis. Samples were kept at ambient tempera¬ 
ture and were analyzed within 10-40 min after staining. 
For the exclusion of dead cells, 5 pd of propidium iodide 
(PI) (2 /Ag/ml, Sigma, St Louis, MO) was added to the 
tube stained with CD34-FITC-conjugated antibody, and 
the cells were analyzed after 10-20 min. 

Flow Cytometric Analysis . Prepared samples were an¬ 
alyzed on a FACScan flow cytometer, using CellQuest 
software (Becton Dickinson). The threshold was set on 
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the forward scatter (FSC) signal. The appropriate inclu¬ 
sion of leukocytes (including weakly CD54 + leukocytes) 
was ascertained by back gating on CD45 + cells. For each 
sample, at least 50,000 cells were acquired from each 
tube, aiming at the acquisition of at least 100 CD34 + 
events. The CD34 + cells were identified by plotting side 
scatter on the x-axis vs. HPCA-2-PE fluorescence on the 
y-axis according to the protocol recommended by the 
Nordic Stem Cell Laboratory Group (12,13). Only cells 
with distinct CD34 fluorescense and side scatter signals 
similar to normal lymphocytes were included in the 
analysis region. In Pi-stained samples, the Pi-positive 
cells were gated out, and the fraction of HPCA-2-FTTC 
staining cells was determined. Fluorescent signals in neg¬ 
ative controls were excluded by the gating procedure or 
subtracted from the CD34 count when appropriate. 

Statistical analysis 

Differences between the CEPRATE SC and Isolex 
300i devices with respect to purity and yield of CD34 + 
cells were analyzed by comparing the numbers and fre¬ 
quencies of CD34 + cells in the positively selected cell 
fractions from the two devices in each individual patient, 
using the Wilcoxon signed rank test. Purity is defined as 
the ratio between the number of CD34 + cells and the to¬ 
tal number of nucleated cells in the CD34 + .-selected cell 
product. Yield is defined as the ratio between the num¬ 
ber of CD34 + cells in the selected product and the num¬ 
ber of CD34 + cells in the unselected product. 


RESULTS 

The results of the selection procedures are summarized 
in Table 1. Purity and yield, measured on the postcolumn 
fraction before concentration/centrifugation, were signif¬ 
icantly better for Isolex than for CEPRATE. Median pu¬ 
rity was 93.0% (range 80%-98%) for Isolex and 61.5% 
(range 27%-72%) for CEPRATE (p = 0.03). Median 
yields for Isolex and CEPRATE were 48.0% (range 
18%—73%) and 23.0% (range 17%-29%), respectively 
(p = 0.03). The number of CD34+ cells/kg body weight 
was also significantly higher with Isolex (median 3.8 X 
10 6 , range 1.7-5.2) compared with CEPRATE (median 
2.35 X 10 6 , range 0.7-4.3) (p = 0.03), However, the two 
devices did not differ with respect to the total nucleated 
cell count in the CD34 + -selected fractions. Thus, the 
higher yield and higher numbers of CD34 + cells achieved 
with the Isolex device were due to the consistently higher 
purity of the CD34 + -selected products. There seemed to 
be a relationship between the input percentage of CD34 + 
cells and the purity of the selected product for both de¬ 
vices, as the 2 patients with the lowest initial percentage 
of CD34 + cells (MM, 3.0% for both devices; HC, 1.3% 


for Isolex and 2.3% for CEPRATE) also had the lowest 
purity (MM, 88% and 39%; HC, 80% and 27% for Isolex 
and CEPRATE, respectively). 

The concentration centrifugation step was associated 
with a variable cell loss in 5 of the 6 patients. Thus, the 
yield in the postconcentration sample was median 73% 
(range 40%-100%) of the yield in the preconcentration 
sample (data not shown). However, purity was not af¬ 
fected. 


DISCUSSION 

This small study comparing two devices for clinical 
scale CD34 + selection shows that the purity and, as a 
consequence, also the yield of CD34 + cells were signif¬ 
icantly superior for the Isolex 300i device compared with 
the CEPRATE SC device. Purity was consistently very 
high with the Isolex, exceeding 90% in four of the six 
separation procedures, whereas the CEPRATE device 
showed a greater variability. Similar differences in the 
range of purity for immunomagnetic and immunoad- 
sorption devices have been observed recently in other 
studies (10,14-16). The overall median purity in the pres¬ 
ent study (93% and 61% for Isolex and CEPRATE, re¬ 
spectively) also compares with values in other studies us¬ 
ing the Isolex (10,14,17,18) and CEPRATE (9,19-21) 
devices, as well as in an uncontrolled comparative study 
of these two instruments (22). Because of the small num¬ 
ber of patients, it is not meaningful to apply statistics on 
the relationship between input percentage and postselec¬ 
tion purity of CD34 + cells. The preliminary indication 
of such a relationship in our study is, however, supported 
by a recently published study including a higher number 
of patients (22). 

Yield was variable and unpredictable with both de¬ 
vices, which also seems to be consistent with findings by 
other investigators (10,14-16). However, the overall 
yield for both devices in the present study was lower than 
seen in some previous studies (9,10,14,16—21). This 
might be because of patient-related or center-related rea¬ 
sons but does not interfere with the results of the present 
study, as it was designed as an intrapatient comparison, 
with each patient being his or her own control. 

Flow cytometric analysis is essential for this type of 
study. The samples from both devices were handled and 
analyzed in exactly the same way. According to the Pois¬ 
son distribution, applicable to rare-event analysis, the ac¬ 
quisition of 100 positive events would give a CV(%) of 
10%, which is considered acceptable. In various proto¬ 
cols, the recommendation of events to be acquired has 
varied from 50,000 to 75,000 to 100,000 (13,23-25) nu¬ 
cleated cells. In this study, we required a minimum of 
50,000 cells. Furthermore, samples were acquired in du¬ 
plicate, including FITC-stained CD34 + cells also stained 
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for viability by PI, thus giving information of CD34 
counts based on replicates. In unpublished comparative 
studies by S. Siena and B. Brando, the Nordic and the 
SIHON (24) dual-platform assays with the ProCOUNT 
(25,26) and STELLer (23) single-platform assays on 
buffycoat preparations spiked with purified CD34 + cells, 
ranging in concentration between 0.01% and 2.2%. Sim¬ 
ilar percentages and absolute CD34 + cell count were ob¬ 
tained in the four assays. Similarly, several other labora¬ 
tories, including ours, have observed a good agreement 
between the Nordic and ISHAGE assays (unpublished ob¬ 
servations). 

In conclusion, although purity is good or acceptable, 
the procedure of clinical grade stem cell selection is still 
hampered by the high procedure-related cell loss. Fur¬ 
thermore, yield might be deteriorated further by, for ex¬ 
ample, novel methods using combined positive and neg¬ 
ative selection (27). Thus, there is a need for further 
optimization of the technique for clinical grade cell se¬ 
lection. 
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